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ELASTIC EQUILIBRIUM 
THE THEORY STRUCTURES 


Synopsis 


The standard specifications and formulas used structural design, were 
devised meet the problems encountered ordinary bridge and building 
construction. They are -well adapted this purpose and have been found 
convenient and practical. When, however, attempt made treat certain 
special problems, the limitations these standard formulas become apparent. 
For instance, the reinforcement existing structures, investigation 
their strength depends rational analysis their loads, stresses, and 
strains, and the design their reinforcement must based such analysis, 
rather than any empirical formulas. 

Another class structure which demands special treatment that ‘used 
railroad electrification work for the support transmission wires, trolley 
catenary wiring, outdoor sub-station wiring, and For some years, 
the writer has been actively engaged the design such structures, and 
found entirely practical use bents which, while thoroughly braced, neither 
follow the usual design nor stay within limits set some the con- 
ventional rules. 

general rule members been simple and compact and 
smooth surface, because, from the standpoint maintenance, important 
avoid lattice-bars and other intricate details. This especially true 
structures such catenary-supporting bridges span the railroad tracks 
and are exposed exhaust gases from steam locomotive stacks. 

This has finally led the adoption what virtually 
structure; that is, two legs and one cross-beam wire-span, instead square 
columns and cross-box girder, four-post The entire 
structure lies almost within one vertical plane, with minimum lateral 


discussion this paper will closed April, 
With Gibbs Hill, Cons. Engrs., New York, 


bracing. Consequently, the fundamental mechanical principles applying 
light and slender members must carefully analyzed the development 
safe and economical design. 

addition economy, structures designed have the advantage (when 
used for supporting wires which are strung under considerable tension) that, 
the event failure one more wires, the structure flexes con- 


siderable amount without destructive effect, distributing the emergency load 


among number bridges. 

Light structures the type used for transmission towers, 
are quite generally built standard rolled sections, with slender members 
thin material, and must necessarily have many unsymmetrical and eccentric 
connections and few rivets bolts. addition the specified loads which 
they are designed carry, such structures must sustain other loadings, such 
their own weight, wind pressure, the weight man climbing the tower, 
ete. standard formulas are used the design, member would obtained 
unquestionably strong enough that would not necessary consider 
these secondary loadings, but the design would uneconomical. When 
understood that the cost transporting these towers the site and erecting 
them may amount considerable addition the cost their purchase, 
will found profitable apply analytical treatment, especially where 
there much duplication type. 

The foregoing applies chiefly structures having light members. Quite 
different considerations apply heavy structural members, for which the 
engineer justified giving very careful study the economics design 
with view obtaining member more nearly ideal proportions. For 
example, cantilever bridge great. span, the dead load often much 
greater than the live load. The saving pound weight steel point 
mid-span will reduce the dead load and save many pounds elsewhere the 
structure. such case the use high-strength alloys appeals the 
imagination, but utilizing such alloys, consider the 
elastic modulus steels has not kept pace with their elastic limit and ulti- 
mate strength. higher compressive stress used, especial care 
must given the consideration elastic stability resistance various 
kinds crippling. long column may fail bowing wrinkling 


the plates and flanges which form its section. The make-up column 


governed balancing these various points consideration, and the use 
steel other than the staudard involves fresh analytical treatment. 

thorough study the column should include that the resistance 
its elements failure any modes which may classified under the head- 
ing neutral elastic equilibrium. Its web-plates must not thin enough 
fail wrinkling; its flanges must not crimp; and single-angle 
member must have sufficient torsional rigidity prevent failure twisting. 

This principle elastic equilibrium given consideration structural 
design and special attention given its consideration connection with 
the design columns, which great amount study has been devoted 
and which subject the literature voluminous. 


s 
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While the column has been thus honored, other structural members such 
beams, have been given less consideration. The writer published small 
pamphlet 1912, entitled “The Lateral Deflection Beams”, which 
set forth results some experiences with model beams and offered analy- 
tical treatment the problem the elastic equilibrium beams. This, 
with the exception study Dr. Timoshenko,* is, far 
knows, the only analytical treatment this problem. 

Two distinct classes beams were recognized, the flanged beam without 
torsional resistance and the beam compact form, but with torsional rigidity. 
Subsequently, the theorems were extended apply flanged beam having 
torsional resistance, include channel-shaped well symmetrical 
sections. Tests small wooden model showed satisfactory con- 
formity with the theorem for the class tested, namely, the beam with con- 
siderable torsional resistance. 


The following notation has been used the paper: 


distance (measured the plane the web) the point 
application the load above the center the beam. 
distance (measured the plane the web) the point 
application the load below the center the beam. 
distance (measured vertical plane) the point application 
the load above the center the beam shown Fig. 
distance from center center channel flanges. 
fiber stress. 
distance the fiber, from axis that perpendicular the 
web, through its center. 
lateral curvature the upper flange beam. 
lateral curvature the lower flange beam. 
eccentricity the applied load (see Fig. 4). 


shear. 

from the Y-axis. 

ordinate point, the abscissa which 

abscissa point, the ordinate which 

arbitrary constants. 

modulus elasticity. 

shearing modulus elasticity. 

moment inertia about the originally horizontal gravity axis. 

least moment inertia. 

moment inertia (about horizontal axis) half section 

moment inertia the section about its 

vertical gravity axis. 


Lateral Support,” Transactions, Am. Soc. Vol. LXXXVII 


(1924), 


moment inertia the upper half section beam its 
originally vertical axis through the center the web. 
factor expressing the any cross-section resist 
torsion. 


El, 


beam supported each end. 
applied bending moment beam and parallel the web. 
bending moment beam induced torsion, and perpendi- 
cular the web. 
bending moment flanges beam induced torsion, 
and parallel the web; applies upper flange, and 
bending moment the upper flange beam. 
lateral bending moment the lower flange beam. 


factor 


compressive load the load necessary for neutral elastic 
librium. 


torque due the applied load, 
factor, 


point the web. 


angle deflection the web due torque, (see Fig. 3). 


beam. 


DEFINITIONS 


The term, “elastic equilibrium”, herein used, understood 
meaning the state elastic body (under condition stress 
from the application external loading) with respect its ability 
resist excessive deformation change form initiated second, dis- 
turbing, force temporarily applied. body stable equilibrium when 
has tendency regain its original form removal the disturbing 
force. 

Likewise, neutral elastic equilibrium exists when the body has equal 
tendency regain its original form, remain its deformed condition, 
increase its deformation after removal the disturbing force. 

The “pin-ended” Euler column furnishes familiar example illustrating this 

less‘than this amount, the column stable equilibrium and 
greater, the column unstable equilibrium. 

Consider horizontal shaft length, (Fig. 1(a)), fixed one end (the 
other end supported but free rotate), and carrying rigid arm extending 


principle. this case the column neutral equilibrium when 


vertically sustaining load acting vertically downward 


upper Suppose that the shaft, undergoes torsional 
from any cause, that the arm the end assumes inclined position 
shown Fig. From Fig. 


which the relation sought. 
Let equal factor expressing the capacity any cross-section resist 


ELEVATION 
(b) END ELEVATION 


practice, all structures must meet the condition stable elastic 
equilibrium and their loadings must not approach too closely the loadings 
which would result neutral elastic equilibrium. Even so, account must 
taken the results deformation under load, affecting stress condi- 
tions, This can accomplished two ways: (1) The problem the par- 
ticular structural member, which state deformation and, the 
same time, stable elastic equilibrium, may analyzed; (2) the 
designer’s judgment may governed the following considerations: 


member subject. deformation due any system loading 
primary loading), will general less well adapted resist the effects 
another system, (the secondary than the system loading 
did not exist, 

(b) the primary system loading does not exist, then the entire 


strength the member can devoted the the, 
system, 
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state neutral elastic equilibrium, then the member has generally strength 


resist the secondary system, but is, speak, state ruin 
ness structural member. 


Between the limits primary load and primary load resulting 
neutral elastic equilibrium, may shown that for some members, loaded 


certain way, the load-resisting function the member regards the 


secondary system approximately proportional minus the ratio the 
primary load system similar load system which would result 
condition neutral elastic equilibrium. This relation forms the basis 
some useful formulas. 

the absence analysis, certain problems may treated this manner, 
but should noted that the relation means generally applicable 
and must used judiciously. 

Columns having considerable eccentricity loading and members subject 
combined bending and compression may treated conveniently and 
rationally formulas based Considerations (a), (b), and (c). The 
remainder this paper, however, will devoted largely exposition 
the theory elastic equilibrium beams, leading the expression 
formulas that indicate the value loadings which beams will fail 
lateral deflection. 

slender beam certain proportion will fail lateral deflection 
manner analogous the failure slender column. may shown, how- 
ever, that attempt treat beams formulas familiar column design 
will lead erroneous results. 

For convenience analysis, the writer divides beams roughly into two 
classes: (1) “J-beams”, which torsional resistance plays important 
part providing lateral stability; and (2) “F-beams” which are 
channel section, which the value small that its influence 
negligible. 

Many beams not conform these pure types, but share the charac- 
teristics each. Channel-shaped beams are peculiar type and their analysis 
extended. 


channel consider system external forces transverse its 
length, acting the plane the web and perpendicular the axis the 
channel. The resulting bending will produce longitudinal tensile and com- 
pressive stresses the flanges, but these stresses will greater the heel 
than the toe the flange. easy imagine this, since the stresses 
result from the shear the web which aéts directly the heel and not 
the center the flange the case 

the analysis assumed that the fiber stress any given cross-section 
the channel varies uniformly from heel heel the two flanges and also 
from heel toe each flange. This more conservative than the usual 
assumption that the stress varies uniformly throughout the section and 


the primary system loading such place the member 


proportion the distance the point considered from. axis the 


4 


The analysis shows the latter assumption erroneous applied the 
channel. 

the influence neglected, then knowing the bending moment 
applied direction parallel the web, would simple compute the 
fiber stresses the flange, and the stress the toe would opposite sign 
that the The influence however, make the unit stress 
more nearly equal, throughout the section the flange, especially the 
beam increases length.. the other hand, the beam becomes very long, 
the slenderness effect becomes greater importance and must considered 
the design. 

possible apply the external loads make the distribution 
flange stress uniform from heel toe, and this case the fiber stress any 

This ideal position the loading system that plane which lies 
parallel the web and distance back from the center the web equal 


point would governed the formula, 


Safe design will then provide that this relation adhered closely, 
else that the stresses analyzed and considered. Furthermore, the condition 
neutral elastic equilibrium should not allowed. This applies only 


beam which not restrained laterally prevent torsional and lateral 
deformation. 


treated under this heading, J-beams are assumed uniform, 
compact cross-section, symmetrical about each principal axis, and capable 
acting pure torsion. The beam more slender regards that principal 
axis inertia which lies the plane the applied loading. assumed 
that the cross-sectional form the beam conserved under conditions 
stress and that there property adhering the central axis the beam 


which represents its ability resist torsional deformation and which 
symbolized the letter, 


Section at Support 
Section Point 


Plane of idea! Loading 


Fia. 


Fig. let the curved line represent the horizontal projection the 
central axis cantilever beam which has been deflected laterally. 


its right end, fixed, its axis horizontal, and the two axes 
symmetry its cross-section are horizontal and vertical, respectively. Its 
moment inertia about the the greater. The beam 


and carries load, acting vertically downward, and applied 


point, distance, above the central axis the beam its The 
beam suffers both bending and torsional strains, and state neutral 


equilibrium. 


any section, its normally vertica] axis angle, 
with the vertical. required find expression for the load neces- 
sary produce neutral elastic equilibrium. The origin co-ordinates 
taken the horizontal projection the point loading. the left 
Fig. are shown end view and two cross-sections. plotted the 

Let the section representing its ability tor- 
sional deformation, and such value that, disregarding the resistance 
the flanges, 


The bending moment any point The torque, any 
point equal the load, times the distance from its line action 
tangent the central axis the beam the point considered; that (see 
Fig. 3): 


component the bending moment direction perpendicular 
its originally vertical axis Pxsina and, direction right angles 


The components the curvature each direction are and 
The curvature the horizontal projection the axis obtained 
multiplying these expressions the cosine and sine, respectively, the 
angle inclination, and taking the difference the results, 


sin 


or, since small, 


From the law torsional deflection, 
Solving for Equation (6), 
2 


Pape 


(8) 


The 


Papers.] 
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Differentiating Equation (8), 


Equating Equations (7) and (9), clearing fractions and substituting 


2 
for its equivalent 


TS 
Differentiating Equation (11) successively, 


From the condition, when and from Equations (11), 


(8), and (12), 


From condition, when and from Equations (8) and (12), 


4 6 


Substituting these values Equation 


\ 
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Equation (18) holds for both positive and negative values 
occurs only the odd powers; therefore, changing the sign changes 
the sign without otherwise affecting its value. 

When the numerator the right-hand member Equation (17) 
becomes and the lowest root 16.11, or, 


2 


When the denominator the right-hand member Equation 
(17) then, 


5.6 


or, 


For large negative values approaches 5.6 and for large positive 


1 2 


beam may treated similar manner. 


approaches 


Compare this with the value Equation (3). The simple 


this case having torsional resistance assumed. The 
resistance the flanges lateral flexure assumed located ‘at their 
centers. 

Let the cantilever shown Fig. assumed fixed the 
right end, both flanges being restrained this end against lateral rotation. 
The beam shown deflected position. Its originally vertical web 
tilted the end shown. supports load, the end, applied dis- 
tance, above the center the beam, and distance, horizontally from 
the center line the web. 

any point y), the beam under the following conditions stress: 
moment, M,, the upper flange and the lower; moment, M,, 
the beam and perpendicular the web; moment, M,, the 
and parallel the web. 


Papers 
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Direction Positive Moments 
Direction Positive Ordinates 


END VIEW 


5. 
dy, 
PLAN VIEW 
n 
is- or, 
; z h 
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The solution Equation (27) is, 


a= eee se cece | 


BA+ D6, which, 


and 


which, the prime functions are derivatives the corresponding funetions 
Equation (29) with respect 

When or, from Equations (21) and (28), 


(Aa 
also, from Equation (23), when 
whence, 


Eliminating and from Equations (29), (30), and 


and not zero, the beam neutral elastic equilibrium. 
The development Equations (1) indicates general way, 
the treatment the “J-beam” and the “F-beam”. Analyses have been made 


Pap 
con 
mot 
the 


the cases the simple beam with concentrated load the center the 


span and theorem has been developed covering the case the flanged beam 
the existence the J-property. The treatment has also been 
broadened include the unsymmetrical channel-shaped section. 

The results analyses are shown Figs. arid Fig. illustrates the 
mode failure neutral elastic equilibrium flanged beam (or ideal 
either channel symmetrical section). means Fig. 
the load neutral elastic equilibrium may determined. Failure neutral 
elastic equilibrium can occur only the load applied within the plane 


21 h 
Cantilever 


Plane of Loading 


Simple Beam Length— 


Asymptote for Cantilever Curve 


the center the web symmetrical section, within plane 


distance, back the center the web the case the channel-shaped 


section. 


The factor, expressed the 


\ 


Asymptote for No. 4 & No.5 


Values 


Similarly, Fig. illustrates the mode failure the “J-beam” and Fig. 
chart for determining the load neutral elastic equilibrium. 

Fig. indicates the capacity the standard 12-in., steel 
simple beam supported each end and carrying concentrated load 
the middle the span. The beam treated flanged beam having 


MOU 


torsional rigidity. Its capacity expressed terms maximum fiber stress 
the flange the middle the span when state neutral elastic 
equilibrium. 

These diagrams must not applied the commercial rolled sections 
which have large torsional resistance property. 

Table gives computed properties standard beams and 
The derivation the the function, based results tests 
small steel beams which were made the writer the time his early 
research this line. 


an-Pounds per Square Inch 


Maximum Fiber Stress Center 


Span Feet 


Comparison will show that the usual conception the compression flange 
beam member similar principle the eolumn has little corre 
spondence with the conclusions arrived previously. regards the “F- 
beam”, the capacity the beam terms the bending stress the flanges 
varies inversely with the square the span would the case viewed 
column, but regards the “J-beam” when the capacity, terms 
the bending stress, varies inversely with the first power the 
The importance the torsional resistance function emphasized and 
its effect very important the use the standard rolled sections. The 
tremendous advantage the box-section, such often used crane 
girders, becomes apparent and usually removes such girders from all need 
consideration of.failure neutral elastic equilibrium. 


+ 


4-in. at 37.5 Ib. 6.0 | 0.77 0.88 0.0692 | ...... | 3.70 4 600 
5in. at 9.75 )b.}. 12.1 | 1.28 1.38 voce 0.1017 | .....- | 4.68 5.70 7.020 000) ..... 
6-in. at 12.25 lb 21.8 | 1.85 2.02 ose 0.1428 | ...... | 5-64 5.82 “9 970 000}... . 
8in. at 18.0 Ib 56-9 | 3.78 4.05 eete 0.295 conecd 1. pele 5.75 20 350 000] ..... 
12-in. at 31.5 Ib.| 215.8 | 9.50 9.95 0.771 |11.58 5.55 51 600 000) .... 
15-in. at 42.0 Ib.| 441.8 |14.62 | 15.1 eee 1.48 eeeeee 114.38 5.02 86 500 000) ..... 
18-in. at 55.0 Ib.| 795.6 |21.19 | 21.8 2.04 17-81 |, 5.056 124 000 000] ..... 
20-in. 65.0 170.0 28.6 3.08 4.75 178 500 ..... 
24-in. 80.0 Ib. 087.0 43.8 4.17 5.01 251 000 
CHANNELS 
6-in. at 8.0 lb 13.0 | 0.70 0.74 0.56 0.0685 1.427 | 5.62 6.11 4 200 000} 0.616 
7-in. at 9.75 lb 21.1 | 0.98 1.08 0.77 0.0911 2.08 6.6 5.2 5 710 000} 0.65 
Sin. at 11.25 1b 82.3 | 1.33 1.39 1.08 0.127 2.97 7.56 §.18 6 650 000} 0.695 
10-in. at 15.0 Ib 66.9 | 2.30 2.38 1.75 0.191 5.58 9.54 5.50 12 570 000} 0.787 
12-in. at 20.5 Ib. 128.1 | 3.91 4.03 2.89 0.351 9.78 |11.44 5.26 22 200 000} 0.87 
16-in. at 38.0 Ib.| 312.6 | 8.23 8.45 5.80 0.905 21.5 14.3 4.75 51 500 000} 0.985 
(BETHLEHEM 

20.0 88.7 13.0 19.6 0.241 5.65 14.0 500 000 
Sin. at 82.0 lb.| 105.0 | 35.8 54.0. ogee 0.567 7.47 15.2 103 000 000 
10-in, at 49.5 Ib.] 268.0 | 89.1 | 134.0 fees 1.39 9.35 15.3 265 000 000 
12-in. at 65.5 Ib.| 499.0 |168.0 | 254.0 oat 2.31 11.1 16.3 452 000 000 
14-in. at 84.0 Ib.| 885.0 |294.0 | 442.0 woes 8.48 13.1 17.6 731 000 000 
14-in. at 107.5 Ib. |1 166.0 {389.0 | 584.0 ye 6.93 13.3 14.2 1 188 000 000 
14-in. at 139.0 Ib. |1 568.0 |520.0 | 780.0 evee | 114.2 13.5 11.5 1 950 000 000 


The old method treatment too conservative and when 
used the design simple and wide spreading frames. Engineers are finding 
such frames more and more desirable, especially for the outdoor type struc- 
ture which all and elaboration bracing are decidedly un- 
desirable from the standpoint maintenance, and hoped that the sketchy 


treatment offered will lead the way further study the subject along 
these 
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STUDIES SHEAR 
REINFORCED CONCRETE BEAMS 


Although much has already been written the subject shear rein- 
forced concrete and although design practice has become almost uniformly 
standardized, there still remains number unsettled problems reinforced 
concrete design. Standardization, however many its advantages, may easily 
become synonymous with stagnation. many respects can said that, 
the interest getting structures built, unsettled points have simply been 
allowed drop. “This apparently works all right” has been answer enough. 
Recently, both structural and reinforced concrete have begun feel the 
benumbing effects standardization, and some rather drastic revisions have 
been made structural standards. Whenever such revisions are made 
prime importance re-examine the basis structural theory check 
the assumptions which founded, and weigh carefully the support- 
ing evidence experiment. 

The writer has attempted this the case shear reinforced 
merely one taking inventory stock, for satisfied that careful study 
will show that serious consequences will follow the raising certain allow- 
able unit stresses condition that such increases are not haphazard and 
that adequate provision made for all details. fact, many the sugges- 
tions made are the nature survey the possibilities the future. 
necessary first consider briefly the derivation the usual formulas 
order take detailed discussion. 


The following notation used throughout the paper: 
the ratio the moduli elasticity, and 
the modulus elasticity steel. 


discussion this paper will closed April, 
Prof. Bldg. Constr., Carnegie Inst. Technology, Pittsburgh, Pa. 
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the modulus elasticity concrete. 
the number reinforcing bars distance, 
the length tension crack measured perpendicular the bent 
bars, assuming crack extend center com- 
pression. 
the ratio the lever arm the resisting couple the depth, 
the effective depth reinforced concrete 
the horizontal distance between stirrups points which rein- 
bars are bent up. 
the average pull per stirrup. 
a 
a 


the bent bar spacing, perpendicular their direction. 
the slope the bars. 
the length the tension crack, assuming the direction the 


crack 45° and that extends the center com- 
pression. 


unit shear. 
average unit shear. 

Maximum unit shear. 

diagonal compression. 

unit bond stress. 
the total perimeter the reinforcing bars. 
uniformly distributed load. 
ratio depth neutral axis effective depth. 


Just longitudinal reinforcement provided where longitudinal tension 
occurs reinforced concrete beam so, the web, reinforcement should 
provided resist diagonal tension. The two phenomena are wise dif- 
ferent from each other, the curve tension being continuous along stress 
trajectory. Yet confusion has often obscured this point, diagonal tension 
being regarded phenomenon mysterious origin and much feared. 
reinforcement properly placed that can neither slip nor crush the 
and provided sufficient quantity, tension diagonal 
tion more feared than tension any other direction. Such rein- 
forcement may either inclined vertical and each requires special 
sideration. 

Let Fig. (a) represent bedm which the web-reinforcement consists 
stirrups. Before cracking occurs, the displacement the stirrups due 
flexure only will shown Fig. (b). the top they will closer 
together and the bottom they will farther apart, but there will 
change total length. Due shear only the detrusion the concrete per- 
mits movement one stirrup vertically with respect its neighbor, but still 


j sl 


bent 


the 


dif- 
ress 
red. 
the 


ists 
still 
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there change length. (See Fig. (c).) Therefore, before cracking 
takes place, neither flexure nor shear will cause any stress vertical stirrups. 
This confirmed experiments* Talbot, Past-President, Am. 
Soc. E., some which there even seemed evidence slight com- 
pression the stirrups when low load was first applied. other tests 
investigators have apparently detected slight tension from the very start. 
Much unfruitful argument has resulted concerning this point. Before 
ing, reinforced concrete beam behaves much any other homogeneous 
beam. Since the shear uniformly distributed from top bottom 
such beam, possible that below the neutral axis vertical compression 
might exist while above this axis there might slight tension. embedded 
foreign body, such vertical stirrup, might thus register either tension 
compression slight degree, depending whether the measurement was 
made above below this axis. The important feature, however, what hap- 
pens after the concrete cracks. 


(a) | (b) a (c) b 


Compression Stress 
Possible Shear Failure 


(d) 


Neutral Axis 


beam that once cracked, diagonal tension failure, unresisted, would 
soon follow, shown Fig. but the projecting lower cantilever, 
and the reinforcement were secured the part marked failure would 
greatly delayed. This the function vertical stirrups. 

Consider the diagonal web reinforcement shown Fig. (e). Before 
and under flexure alone, Sections and are moved rel- 
ative each other, shown Fig. (f). Above the neutral axis there 
would compression the diagonal bar, due the shortening the length, 
AC, while tension would the length, CD. Due shear 


alone (see Fig. Section being moved vertically relation Sec- 


Bulletin 28, Univ. Eng. Experiment Station, 24. 
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tion the whole length, AD, increased. Thus, result the combined 
action flexure and shear, tensile stress might present diagonal rein- 
forcement, below the neutral axis least, before any cracks appear, and such 
reinforcement would serve toughen beam under low loads better than 
vertical stirrups. Since adhesion may considered perfect before cracks 
appear, the stress the steel would not greater than times the stress 


the surrounding concrete, which, After the beam has cracked, the 


ce 
bars extending diagonally across the crack Serve the same function delaying 
failure the vertical stirrups (see Fig. 


ror Wes REINFORCEMENT, 


Let Fig. represent half length beam subjected that part 
constant external shear, V’, not “taken the concrete”. assumed that 
crack will take place angle 45°, shown, even though, the most 
extreme case, will not extend quite the center compression. Let 
section, A-B, passed along the crack. Then, performing their part the 
duty maintaining nearly possible, the homogeneity the beam, the 
stirrups merely suspend the right side the beam from the left. The load, 
V’, divided between N-stirrups, and (from Fig. (h)): 


Therefore, the average pull per stirrup, 


Fig. the web reinforcement consists diagonal bars. Here the 
load, V’, carried the vertical components N-bars. From Fig. (a): 


and, 


The vertical component one bar sin Therefore: 


(3), (4), (5), and (6)) and reducing, 


Equations (2) and (8) may transposed, suit the requirements, 
give (1) the vertical external shear that may carried the reinforcement 


For another proof, see Papers No. 314, Bureau Standards, 392, 


Pap 

req 


or, 
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beam depth, (2) the pull per stirrup bent bar; and (3) the 
required spacing. For the special case which the slope the reinforce- 
ment 45°, Equation (8) becomes: 


V's 


REINFORCEMENT DETAILS. 
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comparison Equation (11) with the value obtained Equation (2), 
shows that, all other conditions being equal, bars the same size spaced the 
same distances apart horizontally will resist 1.4 times much shear when 
inclined 45° when they are vertical. Expressed slightly different 
way, carry the same shear, bars 45° might spaced 1.4 times far 
apart vertical stirrups the same cross-sectional area. Since, however, 
such bars are 1.4 times long vertical bars there saving weight. 
Equations (1) (11), uniform load may provided for using the 
average shear the length, jd. 


Truss ANALOGY 


Europe common practice conceive the web reinforcement 
the tension web members truss, the concrete acting lieu compression 
members inclined degrees. With vertical stirrups the imaginary truss 
would thus the Howe type, while with diagonal reinforcement would 
the Warren type. the bars are closely spaced the trusses are 
the multiple-intersection Howe Warren type, respectively, the compression 
being assumed always act angle degrees. 

Fig. the stirrups are spaced distances equal the effective 
depth the beam. passing Section A-A seen that V’. 
intermediate stirrups are inserted, Fig. (c), the load, divided 


for the member considered beam. (See Equation (2).) 


(d), the distance between successive bends Again 


passing section, A-A, and analyzing truss, the stress any bent bar is: 


> 


intermediate bent bars are used equal spaces, shown Fig. 
(e), the total stress, divided among and, 
a 


The stress any one bar is, therefore: 


(14) 


which the same Equation (8). makes difference, therefore, whether 


the member conceived beam truss, the resulting formulas for the 


web reinforcement are the same. the truss analogy, bond 
between the longitudinal steel and Blocks and (Fig. (d)) neglected, 
but this factor probably over-estimated, particularly higher loads. 


ing 
sho 
ind 
effe 
the 
dex 
cra 
pre 
the 


SHEAR REINFORCED CONCRETE BEAMS 


‘The truss analogy, however, makes evident number tendencies requir- 
ing caution design. For example, unless the concrete dangerously 
over-stressed Points (Fig. (d)), long bends are seen imperative. 
same time evident from this analogy how careful the designer 
should extend the upper part the bar back into the concrete far enough 
to’ provide effective anchorage. shows, too, such splice that 
indicated Fig. (f) might questionable, especially when the splitting 
effects the hooks are taken into consideration. shows how necessary 
anchor the web reinforcement both top and bottom strongly enough 
develop its full tensile strength. one familiar with structural steel design 
would think providing web members sufficient area take the stress, and 
then only partly fastening them the web members are fully 
developed above the cracks they 
Furthermore, since web member comes into play only after has 
cracked, and since the diagonal compression (see Fig. (b) and (c)) 
considered uniform through the whole thickness the web, the vertical com- 
ponent must taken frequent intervals across the web. Vertical stir- 
rups, therefore, enclosing large bars, shown Fig. (g), are 
practically useless. flexible lower reach the stirrup can never prevent 
the inner bars from tearing out through the bottom the beams high 
nor even prevent the loosening the bond the low 
Quite commonly there are not enough bars available for bending resist 
shear, and vertical stirrups are introduced assist. Generally, the same unit 
tensile stress used computing both bent bars and stirrups. Such pro- 
cedure, however, not 
was shown that diagonal bars are stressed from the beginning. con- 
crete with assumed tensile strength 300 per sq. in., and 10, this 
steel will subject tension 300 per sq. in., before the 
crack occurs. Careful observations cracks will show the 
depicted Fig. (h). The relative extension diagonal and vertical 
bars, therefore, would somewhat shown Fig. producing relatively 
higher stresses the diagonal bars than the stirrups. This ratio would 
1.4 were not for the tendency the stirrups crush into the con- 
(see Fig. (h)). Neglecting this crushing and assuming the maximum 
allowable steel stress 16000 per sq. the stress the vertical 
steel only 300 per in. when the stress the 
diagonal steel per sq. in. The unit stress the stir- 
rups being 9300 lb. per sq. in., they will have resist their part the 
the shear unit stress not exceeding value when the bent bars are stressed 
simultaneously 16000 lb: per sq. in. This, course, becomes much 
ed, 


more importance when dealing with the high stresses that can 
anticipated the common practice the near future. 
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has frequently been observed that beam with web con- 
sisting combination bent bars and stirrups usually develops somewhat 
higher shear strength than one with either bent bars stirrups 
alone. the beam thus reinforced the stirrups probably restrain the bent 
bars from breaking out through the sides the beams under heavy 

From these considerations may expected that, beam subjected 
increasing load, the web reinforcement would follows: 
The diagonal bars would stressed from the beginning. Simultaneously 
with the occurrence crack they would receive large increment stress, 
and the vertical stirrups would also come into action; but the stress the 
diagonal bars would greater than that the stirrups. the conditions 
are such that both bent bars and stirrups can fully developed, the. stresses 
both will increase, but more rapid rate the diagonals than the 
stirrups. After the diagonals reach the elastic limit, they will deform without 
much inerease stress for time, after which the stress will again increase, 
but slower rate. Meanwhile, the stress the verticals will increase rapidly 
until them, too, the elastic limit reached. Therefore, until their useful- 
ness ended, the stress the stirrups will always lag behind that the bent 
bars. Such lag was observed the tests the Emergency Fleet Cor- 
poration.* 

Comparative 

The deflection beams with different web reinforcement might also 
expected vary. Since requires greater vertical movement crack 
cause given stress vertical stirrups than bent bars, then for given 
steel stress greater deflection will result beam reinforced with stirrups 
than one equal web strength reinforced with bent bars. both bent 
bars and stirrups are used, intermediate deflection will result, its magni- 
tude depending the proportion each type reinforcement. Thus, beams 
equal strength may deflect differently. This practical importance 
until great deflections occur, when the added increment deflections per- 
mitted the stirrups may result earlier compression failure due the 
compression stress near the top the beam. 

Some work has been done attempt predict deflections. Turneaure 
and have developed analytical treatment the subject and 
Maneyt has made interesting study test data. rare that deflections 
need known advance, and, except when limited deflection under 
loads producing comparatively low stresses, attempts predict them usually 
fail. addition the influence the type web reinforcement this 
uncertainty probably due, large degree, the fact that slip any 
the strongly influences the results, and, has been shown,§ 
slip occurs early the load history most beams. attempt treat, ana- 
lytically, action dependent the approximate homogeneity the con- 
stituent parts eannot but fail when unknown element slip 

Technologic Paper No. 814, Bureau Standards. 

Reinforced Concrete Third Edition, 1919, Chapter VI. 


Proceedings, Am. Soc. for Testing Materials, 1914, 310. 


“Bond and Anchorage Reinforced Journal, Western Soc. 
January, 1926. 
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careful study tests which end slip well deflections has been 
observed, such the tests Bach* seems indicate that until end slip begins, 
like beams, reinforced alike, will deflect alike. may anticipated that 
when design reaches the stage where such uncertain elements end slip are 
eliminated, deflections can predicted accurately. 


THE SHEAR “Nor Taken Wes STEEL” 


was found early that, the total external shear were used 
Equation (2), the computed stress stirrups often exceeded the known ulti- 
mate strength the steel, from which was concluded that other influences 
were work resisting shear. was that part the shear 


the uncracked concrete the top the beam, and that, 


“The actual proportion the stirrups has not been established, but 
it.seems that the stress more than two-thirds three-fourths the 
amount obtained the formula.” 


then became common practice use only two-thirds the total vertical 
shear web Later, was discovered that when 
the loading was such produce greater shear one end beam than 
the other, the two-thirds rule gave apparently anomalous results, and 
practice has largely shifted allowing fixed value for the percentage 
shear “taken the concrete” (that is, shear not discernible the steel). 
value generally definite proportion the ultimate com- 
pressive strength the cylinders when tested the age days. 
recent practice this proportion has been made depend the end 
age bars. 

Confirmatory test data bearing this phase are not Some 
measurements have been made the University More 
recently, the results obtained the ‘Emergency Fleet Corporation§ have been 
published, and the University Engineering Experiment Station has 
completed extending over years, which much 
the available data. 

From other tests made the University appears that, even 
the ultimate load, the ratio, measured computed stress stirrups 
does not exceed 70%, whereas the longitudinal the same beams 
the ratio was 85%, more. course, bar encased concrete, 
not measure the maximum unit deformation crack, but 
only the average between two points, and along large part the gauge length 
the steel stress decreased the but this average less one 
set like measurements than only fair assume that 
the maximum also less the first set. From, may concluded 


Deutscher Ausschuss fiir Eisenbeton, 1917, Bach and Prof. Graf. 


“Tests Reinforced Concrete Beams,” Talbot, Past- President, Am. Soc. E., 
Univ. Eng. Experiment Station, Bulletin No. 29, 1909, 72. 


Technologic Paper No. $14, Standards. 
Bulletin No. 166, Univ. Tilinois Eng. Experiment Station. 
Master’s thesis, Uchimera, Univ. 1922. 
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(Fig. the concrete must resist all the horizontal shear occasioned 
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that, the total vertical shear used solving Equation (2), the actual stress 
stirrups beams ordinarily designed less than the computed stress. 
uncertain just what extent other factors enter, but concrete capable 
resisting compression should also capable resisting shear. 
all the concrete above the crack (see Figs. (d), and (a) (d)), 
undoubtedly offers considerable resistance vertical shear, and, hence, under 
the usual design stresses allowance for this effect permissible. 

The amount the allowable reduction still problematical. The deforma- 
tion beam equivalent rotation about some point, (Fig. 
(d)), and the stirrup the bottom the crack would strained and, 
consequently, stressed more than stirrups crossing the crack nearer the center 
rotation. the experiments quoted show that even the 
stirrup that stressed most the computed tension more than the actual; 
and hence would seem quite justifiable ordinary work assume that, 
all the shear resisted the concrete above the cracks were conceived being 
uniformly spread over the whole cross-section the beam, the average 
intensity thus found could represented some such value one-fiftieth 
the cylinder strength the concrete. the day when high shear values 
allowed this reduction will not great consequence, and will 
better neglect fact, will then quite possible that, owing 
the gradual time yield shear the concrete above the crack, the full 
shear, must taken the reinforcement, and will more nearly 
divided equally among the web bars erossing the crack. 


The phrase, “the shear taken the concrete”, has been confusing many 
engineers. The preceding explanation the one generally accepted. The 
laws statics show, however, that the concrete may take all the shear, only 
part it, depending the form and distribution the web reinforcement. For 
example, evident that Section B-B, Fig. (a), the concrete resists 
all the vertical shear, and this capacity resist shear shared the concrete 
both above and below the crack. designer working other materials than 
reinforced concrete would not hesitate use two diagonal struts carry 
given diagonal compression, and would not worry about crack between 
them, providing neither strut could fail buckling. Diagonal cracks, there- 
fore, not interfere with the capacity the concrete beam resist 
diagonal compression vertical shear. 

the upper and lower surfaces the beam, well the upper and 
lowér surfaces the crack, the intensity the shear will zero, with 
maximum between, shown Fig. (a). The only requirement statics 
that the sum the areas, and any section, shall equal the 
total shear, The opinion sometimes expressed, too, that the 
concrete below the neutral axis cannot resist horizontal shear because 
the cracks. consideration Fig. shows that this not 
evident that between cracks the stirrups not resist horizontal shear, 
and across the crack vertically tension only. Between cracks 


Pape! 


any 

bond 
the 
tion 


( 


the reinforcement this shear directly dependent bond, its distribution 
similar that the bond stress, shown Fig. while farther, 
assumes more nearly the parabolic distribution the 
should break down entirely, the stress the horizontal 
the same both cracks, there would neither horizontal nor vertical shear 
the block concrete between cracks, and all the vertical shear 
tion would carried the concrete above the top the crack, 


Fic. DIAGRAMS. 


While evident that when stirrups alone are used the concrete will 
have resist the total vertical shear, any vertical section, easily 
shown that when the web reinforcement consists bent bars, the concrete 


may resist all only part.of the shear the section. For example, 
Section Fig. (d), the concrete resists all the vertical shear, while Section 


owing the sharpness the bends and the between 
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bends, the truss analogy would indicate that the blocks, and but 
little diagonal compression, and, hence, the external shear resisted’ almost 
entirely the vertical-component the tension the steel. If, however, 
the bars of. Fig. (d) were spaced more closely together, Fig. (e), 
and vertical section were then passed, will seen that the shear 
Section would divided between the vertical component the tension 
the steel and the vertical the diagonal compression. 

Because this division the shear vertical section between the 
vertical component the diagonal compression and the closely spaced diag- 
onal web reinforcement, has sometimes been presumed that the value 
Equations (8) (11), might much reduced. This not the case, 
however. The usual formulas, Equations (8) (11), developed for the crit- 
ical section along crack sloping are quite consistent with the analysis 
vertical section. 

Fig. (d), Section the truss analogy would indicate that for 
distance, the whole vertical shear resisted the concrete, whereas 


Section for distance, resisted entirely the vertical component 


the stress. When 45°, then jd. the bent bar could 


entirely developed, and the diagonal compression could carried truss- 
wise down single line from bend bend, the bends might spaced dis- 
tances apart. This result, however, may also obtained from Equation 

Thus, seen that beam reinforced with stirrups, the concrete 
resists all the shear any vertical section, while beam with rein- 
forcement sloping 45° and spaced not more than apart, the concrete 
resists one-half the shear any vertical section, and that this condition 
quite consistent with the usual analysis based section passing diag- 
onally along crack. This statement will not confuse any one familiar 
with the usual method analyzing double intersection Warren trusses. 
will seen, too, that the ordinary shear formulas include the “indirect 
inclined compressions” mentioned Dr. Faber.* 


From Fig. (a) and (b), the shear distribution seen very com- 
plicated, and impossible state with exactness either the location 
magnitude its maximum value. Still, desirable have some knowl- 
edge relative shear intensities, and this can best obtained terms 
the average shear the section. Then: 


The attempt often made find expression for follows: 
rectangular beam assumed made concrete capable taking shear 
not tension, then between the neutral axis and the longitudinal steel the 
horizontal shear will constant. Above the neutral axis the curve shear 


“Reinforced Concrete Beams Bending and Shear,” Dr. Oscar Faber. 
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intensity will follow shown Fig. The total shaded 
area must equal hence, 


Since greater T-beams than rectangular beams, this formula 
automatically takes cognizance the small shear carried the support the 
overhanging parts the flange. obviously impossible, however, for the 
shear distribution shown Fig. (c), where the conerete cracked, 
and, the region where cracks exist, must the form the full 
parabolic are. Except that fits with theory based the usual assump- 
tions, Equation (16) seems have special advantage over Equation (15), 
which certainly easier use and much the mind. 


COMPRESSION 


Considering the member subjected flexure act homogeneous beam, 
two sets stress trajectories, intersecting right angles, may traced 
the side, one which delineates diagonal tension and the other diagonal com- 
pression. corresponding points the magnitude these stresses equal. 
the member trussed system, Fig. (b) plainly indi- 
cates the diagonal compression, and remains determine the magnitude 
this stress. 

When vertical stirrups are used, spaced distance, apart (see Fig. 
the vertical component the diagonal compression equal the 
pull, the stirrups. The magnitude the diagonal compression, is, 
therefore, and acting width 0.707 its intensity is: 


Similarly, when the stirrups are more closely spaced, and 


the increment diagonal compression, Fig. (c), contributed each 
stirrup, equal 1.4 Acting width, 0.707 the intensity the 


diagonal compression is, again, 


That is, when vertical stirrups alone are used the intensity the 
compression equal twice the average vertical shear the section under 
consideration. 

Again, when only diagonal web reinforcement (see Fig. used, 
with such spacing, that adjoining diagonal compression bands just touch 
along their edges, the vertical component the diagonal compression equals 
sin The magnitude the diagonal compression is, therefore, 1.4 sin 
width, 0.707 the resultant intensity is: 


er, 
it- 

]- 


That is, when bent the intensity the diagonal compression creas 

only one-half great when vertical stirrups alone are used; and when these 

bars are bent 45°, the intensity equal the average vertical shear.* 

Thus, while the practice placing limit the unit vertical shear means 

controlling the diagonal tension unnecessary, sufficient completely 

developed steel used resist the diagonal tension, such limit may very desit 

properly used prevent the occurrencé excessive diagonal compression 

stresses. diag 


has already been stated that, concrete, failure pure shear 
cult produce. “Compression” failure brittle specimen, how- 
ever, really shear failure (see Fig. and allowable unit compression hori 
values are usually determined dividing the ultimate unit “compressive” sma 
strength prismatic test specimens factor safety. the case larg 
diagonal compression beam (see Fig. (e)), the condition analogous 
that prismatic specimen, and the allowable diagonal compression the 
stress limited values determined from prismatic test specimens, failure 
pure shear cannot occur. The very fact that compression inclined due Soc 
the inclusion shear factor. Thus, the diagonal tension and the 
diagonal compression are effectively taken care of, shear need given 
further consideration, its principal use being simply measure the diago- 
nal compression. (See Fig. (b) and (d).) 
The writer has stated that bars bent angle 45° could entirely 
developed, and the diagonal compression could carried down 
single line from bend bend, the bends might spaced distances 
apart. Under such circumstances there are parts not 
used resisting diagonal compression, and the beam not developing its 
full capacity shear. Some modification spacing, therefore, required. 
Fig. shows the arrangement and bending bent bars giving the max- 
imum spacing when utilizing all the concrete under the bars diagonal 
pression, the slope the diagonal compression being assumed degrees. 
From the geometry Fig. (f), this spacing seen 1.707 and since 
from Equation (10): 
the unit diagonal compression seen (see Equation (19)): 
For any closer spacing the unit diagonal compression will remain. equal 
With this arrangement steel, however, and with the truss conditions 
assumed, the tension the top and bottom horizontal parts the bar 
the inclined part, the tension would 1.414 Obviously, the steel 


See, also, Technologic Paper No. pp. 392 and 429. 
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stress inclined part the bar not exceed that the horizontal 


part, and since directly proportional the spacing must de- 
creased to: 


This the maximum allowable spacing bars bent 45° when 
desired web steel and concrete their utmost capacity 
resisting shear. Sharp bends are taboo. before stated, the intensity the 
diagonal compression will remain equal 

glance may seem impossible that, actual beam, tension 
great will exist either the sloping part the bar the upper 
horizontal portion. Under moderate load, beam reinforced with bars 
small in. comparison with the size the beam, and which are bent the 
largest. possible radius, the measured deformation greatest the lower 
horizontal section the bar, becoming less around the bend and along 
the sloping part. the load the stress the sloping part 
more rapidly, and stress soon found the upper horizontal part. 
Soon after the stress the lower part reaches the limit the steel, 
the deformation the sloping and upper horizontal sections approaches. that 
the lower horizontal portion. This condition approaching equality con- 
tinues until the end, and especially noticeable when high elastic limit steel 
used. Under such circumstances bond, dependable factor design, 
has been virtually destroyed. the consideration proper working stresses 
after the elastic limit passed should always taken into 
this, evident that order make certain security 
against diagonal tension failure, particularly when high “shearing” stresses 
and high tension values are permitted high elastic limit steel, the ends 
all bars should 100% anchored. 

When vertical stirrups are used, without being anchored the top, the 
should not than j.d, clearly shown the geometry 
Fig. (g), and their value may limited less value than this bond 
the upper part the stirrup the horizontal reinforcement. 
Even cracks extend higher than from the bottom, only the upper 
two-thirds stirrup may counted its development; and, since the 
stress transferred from the stirrup the concrete the distance, the 
same transferred from the concrete the horizontal steel the equal 
distance, evident that has reached its allowable limit the 
horizontal bars, the stirrups above the crack must equal the hori- 
zontal bars, else the spacing should reduced the ratio these total 
perimeters. This arrangement usually difficult secure, which shows the 
urgency effective anchorage the top well the bottom. Conversely, 
the bond condition the horizontal steel seen vital concern, for 
evident, again, that, since the stress the stirrup proportional the 
shear, and also since the stirrup stress limited the amount that can 
transmitted bond the horizontal steel the distance, the 
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the beam resist shear also limited, Therefore, wherever stirrups are 
depended on, firm end anchorage the horizontal steel essential safety. 
(See, also, Fig. 4.)* 

The commonly specified maximum spacings for bent bars and 
for stirrups were determined from tests conducted years ago beams. 
these tests the stirrups were not anchored the top, and bent bars had sharp 
bonds and rarely had end anchors. Because the conditions the test beams 
reinforced with stirrups are similar those shown Fig. the corre- 
spondence the stirrup spacing deduced Equation (22) with that deter- 
mined tests, close. each stirrup Fig. (g) were effectively anchored 
the top and all the diagonal compression could carried down along 
single narrow line the point where the next stirrup joins the main rein- 
forcement, the spacing might conceivably increased from Unlike 
steel truss, which the diagonal compression may brought down com- 
paratively narrow member pin panel-point, the concrete cannot transfer, 
single point the junction the main steel and stirrup, the diagonal 
compression which carries. Thus, the advisability using the closer spacing 
evident. Fig. 3(g) shows also why the first stirrup should not farther 
from the support than 


The discrepancy between the usual maximum spacing for bent bars, 
with that deduced Equation (22), undoubtedly, due the slipping 


bars the test specimens the crushing and splitting the concrete 
beneath the sharp bends. 


Deutscher Ausschuss fiir Eisenbeton, Heft 20, and Journal, Western Soc. Engrs., 
January, 1926, 11. 
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The break-down bond immediately reflected modification 
shear conditions. common practice design beams with reinforcement 
similar that Fig. The shear formulas may indicate that the spacing 
quite satisfactory, but suppose that the diagonal bars are in. square 
and are stressed per sq. in. Unless the beam very deep, there 
possible chance developing stress this magnitude the sloping 
part the bar bond alone. Hence, practically all the stress either car- 
ried bearing the concrete under the bends, the beam fails these 
points.* continuous beam, the case even more serious, for each set 
bars crossing the support must completely developed bond bend 
beyond the point where the previous set was bent down. This bond length 
usually short because the bars are bent down frequent intervals resist 
shear; hence, the dependence largely upon the bend. Fig. shows the 
result. Even worse, the practice some instances reduce arbitrarily 
the computed negative moments over supports. 


from opposite 


MOMENT 


Fic. 5.—THE EFFECT BOND FAILURE SHEAR FAILURE. 


The maximum radius bend that can obtained none great 
the “one hoss-shay” beam the objective. Even then wise not allow the 
bar remain one vertical plane. bars over the opposite side 
the beam would help prevent the reinforcement from splitting the beam 
into lamine. 


Referring again Fig. will seen that the pull one stirrup 
equal the increment total tension the horizontal steel the dis- 
tance, Neglecting the small amount shear “taken the the 
total pull all stirrups will equal the sum all the increments the hori- 
zontal that is, the total tension. the same unit stresses are used, the 


Deutscher Ausschuss fiir Eisenbeton, Heft 12, Dr. Bach and Prof, Graf. 
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total area all the stirrups simple beam between the 
point maximum and either support will equal the cross-sectional 
area the horizontal steel the point maximum moment: con- 
tinuous beam will equal the-sum the steel areas required 
the point maximum positive moment and that simultaneously required 
for negative moment the support either these 
moments arbitrarily increased provide for possible inequalities 
ing (as usual), will, course, not necessary increase the stirrup 
area. the other hand, lower steel stress used, stirrups that are 
arranged alone combination with the cross-sectional area must 
proportionately greater. the concrete assumed take any part the 
shear, the sense previously explained, then the total area the stirrups 


Similarly, bars are bent when not required for moment, spacing 
not exceeding 1.207 the tension the bent part the bar, the higher 
loads from which working stresses are deduced, equals the increment hori- 


zontal steel stress, and again the required area bent bars equals the cross- 
section longitudinal reinforcement. 


JUNCTION FLANGE AND STEM 


T-beams, the junction flange and stem region subjected 
various stresses, which together produce critical condition (see Fig. 7). 
There the longitudinal shear which tends push the flange lengthwise past 
the ends the stem, well produce diagonal cracking the flange. 
(See Fig. which the top view the flange test T-beam.)* There 
the tendency for the beam crack longitudinally result the trans- 
verse moment due the downward flexure the flanges. There also 
moment resulting from the compression the outstanding flanges. Let 
Fig. (c) represent the top view T-beam. The center compression 
the outstanding flange, acting some distance away from the face the 
stem, produces moment, Under even moderate loads this will result 
crack, which rapidly develops from the point maximum moment 
toward the end the beam. the horizontal shear between flange and stem 
high, the failure between the end the crack and the end the beam 
will sudden. Any load the flanges, when the flange part the 
floor system, tends accelerate such action. 

Again, the upper ends bent bars, usually bent, are very 
this region. Fig. 7,+ giving the end view test T-beam, illustrates how 
destructive this action may be. Cracks usually appear the middle the 
upper surface directly over the bent bars and cut through the beam 


the root the angle between the flange and the stem and under high stress the 
flange will thrown off violently.+ 


Mitteilungen iiber auf dem Gebiete des Heft 122- 
Dr. Bach and Prof. Gra 
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Clearly, cross-reinforcement essential. already implied, the amount 
should least equal the cross-sectional area the main longitudinal 
steel, since reliance the concrete such place unsafe. However, 
evident that since the called upon resist positive moment only, con- 
tinuous T-beams the area cross-reinforcement needs only equal the area 


(9) 


9.—MISCELLANEOUS DETAILS. 
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the longitudinal steel-resisting positive moment. The disposition this 
reinforcement considerable importance. placed the form cross- 
bars only can effectively resist the transverse flexure caused load the 
flanges, well the moment, Fig. and the splitting tendency 
hooks the main reinforcement. cannot resist the tendency push 
the slab lengthwise the stem, nor the formation the diagonal cracks 
wide-flange T-beams. (See Fig. 8.) Such forces will merely bend the stir- 


out line shown Fig. 9(c). All the forces may resisted, 


however, steel placed angle 45° with the axis the beam, and 


effectively anchored both ends, (Fig. (c)). This perhaps most 
easily effected bending all the main reinforcement through the stem and 
out into the flanges, anchoring the ends firmly. (See Fig. 

the main reinforcement not bent and outward into the flanges the 
stress the should kept low, say, not more than 
per sq. in., order prevent incipient splitting and damage from hooks. 
The required area steel used will thus proportionately increased. 

The amount cross steel the flange often expressed percentage 
the flange area, but would seem more nearly direct specify terms 
the longitudinal steel.* 


Just with the bond the usual formulas for shear not apply 
beams which the main tension reinforcement not parallel the com- 
pression face. Fig. (d), for example, both the tension, and the compres- 
sion, are constant from load support; and, from statics, the vertical 
component must equal the load, the beam proportioned 
that the concrete not over-stressed compression, then shear failure cannot 
result, and shear reinforcement necessary. such beam the critical 
condition arises from the total lack bond and the complete dependence 
anchorage kind that will not damage the concrete. 

This case analogous that the structural steel bracket shown 
Fig. (e), and designer will question the necessity complete develop- 
ment and nor will worry about shear the diagonal strut long 

the load uniformly distributed, Fig. (f), then either the top 
member must capable resisting bending, with its accompanying shearing 
stresses, web-plate must introduced take the net shear. The vertical 
component the inclined compression any vertical section, 
longer equal the shear the section. Fig. (f), the horizontal com- 
ponent the inclined compression, Section is: 


The vertical component is: 


See, also, Deutscher Ausschuss fiir Heft 12, Dr. Bach and Prof. 
raf 


See, Journal, Western Soc. Engrs., January, 1926, 
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SHEAR REINFORCED CONCRETE BEAMS 


That is, beam triangular elevation, uniformly loaded, which the 
flanges alone are assumed, resist the tension and compression due bend- 
ing, the vertical component the inclined compression tension any 
section equal one-half the vertical shear that section. The web must 
resist the other half. Therefore, uniform load instead concentrated 
load were applied the reinforced concrete beam Fig. (d), the web rein- 
would have capable resisting one-half the vertical shear 
any section. 

the beam does not come point, but has any one the forms shown 
Fig. 10, then analysis* will show that the general case the shear 
resisted the web reinforcement equal the total shear the section 
minus the vertical component the inclined main stress. This result 
confirmed inspection the simple statics the case, and would apply 
not only sloped-top footings, counterforts, girders, and crane girder 
brackets, but also the brackets introduced the supports continuous 


beams. The latter, not sloped too sharply, will assist, therefore, resisting 
both compression and shear. 


tan~'=jtan@ 


Fic. 10.—Opp-SHAPED 


The spacing the main reinforcement with reference the cross-section 
the beam wholly partly dependent the value the concrete pure 
shear. Let Fig. represent the cross-section simple beam. none 
the bars bent up, any difference stress the bars, between two 


Similar that Journal, Western Soc. Engrs., January, 1926, pp. 
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SHEAR REINFORCED CONCRETE BEAMS Papers 


adjacent vertical cross-sections must taken bond the surface 
the bars and transferred upward horizontal shear the compression side 
the beam. That part the bond the lower half the bars must 
transferred across the narrow section Section the value 
the concrete horizontal shear the same the intensity the allow- 
able bond, then the clear space between the bottom bars should not less 


form 
interr 
tively 


than ad. Similarly, the spacing the bars the next layer should not 

less than failu 

less 
Based this reasoning, specifications often include clauses limiting the failu 
bars two layers and the spacing three times the diameter. The value the 
good concrete shear, however, four five times great its value 

bond. simple beam uniformly loaded, too, the bond stress developed 

small where the bars are most numerous; that is, the point maximum that 

moment, and near the ends, many the bars have either been bent 

cut off, leaving greater net horizontal section concrete. Thus, not 
particularly objectionable have three four layers bars such beams. cent 

the continuous beam the same holds true for the part subjected posi- num 

tive moment, but the region maximum negative moment the highest not 
bond stress exists the place where the negative reinforcing bars are most Thi: 
numerous. conditions should carefully watched and the effective 

anchorage the negative steel again seen great importance. The 

practical feature, often overlooked, has great deal with bar 


flan 
bar: 
sho 


spacing, namely, the size the coarse aggregate used. large stones lodge 
between bars, there will always open pockets beneath, and cases sometimes 
which the concrete around the lower steel can easily removed. 

the bars are bent such manner that the bends will serve anchors, 
this more unsightly than serious; but, the bars are straight, particularly 
some not reach the support, they are little more use than simply 
stuck the bottom the beam. need scarcely added that stagger the 
rows bars that each bar comes directly over the space between the bars 
the layer below invite 


The purpose make two wholly unlike materials act 
together nearly pessible one homogeneous material. Many the des 
difficulties have been met with empirical rules, but few cases unique the 
ideas some merit have been tried. 1909, Locher* arranged the rein- 
bars follow the tension stress trajectories. Later, the 
designed some heavy beams using the same principle. The writer’s sugges- 
tions have been advanced with somewhat the same idea. 
Many these suggestions may seem extreme; for example, crossing bars 

the opposite side the beam; bending them with extremely large radii; 
bending them out into the flange; and providing them with anchorage capable 
See Marsh, “Reinforced Third Edition, Second Imprint, 1909, 


Engineering News, March 12, 19, and 26, 1914. 
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SHEAR REINFORCED CONCRETE BEAMS 


developing the ultimate strength the steel without appreciable slip. 
form hook will accomplish the last these. With steel structural 
intermediate grade some these precautions might unnecessary, for due 
the comparatively early yield the steel, failure would also compara- 
tively early. The yielding the steel would cause undue deflection, which, 
turn, would concentrate compression stress near the extreme fiber and 
result “compression such case anchorage would use 
only developing the yield point ordinary steel. the other hand, bond 
failure responsible for failure many beams which the steel stress 
less than the yield point. Many failures this type have been called “tension 
failures” “diagonal tension failures”. surprising what extent 
the strength beam may raised, without changing the quality the 
concrete, the use steel with high elastic limit, designed elim- 


inate the numerous types secondary failure discussed. may added 
1um that all the precautions listed are necessary order achieve this object. 
brief résumé these suggestions will show their bearing design. 
not Let Fig. and 9(b) represent simple beam carrying single con- 
centrated load mid-span. The steel should have high elastic limit. The 
number bars chosen should such that they can bent spacing 
hest not exceeding 1.207 The bends should the largest possible radius. 
nost This accomplished bending the bars that mid-height they would 
tive have slope 45°, bending horizontal the top again the same radius. 
The ends should fixed With anchors that cannot damage the concrete. 
bar the beam T-shaped, the alternate bars should bent out into opposite 
flanges. For the sake symmetry, would preferable bend the 
mes bars pairs groups four, one bar, pair bars, from each group 
being bent outward into each flange. The last bent bar, pair bent bars, 
should become horizontal over the support, leaving one horizontal the 
arly bottom the beam. Thus, practically al] the steel transfers its own stress 
aply the compression side the beam, eliminating diagonal ten- 
sion and connection flange stem. 
With such arrangement being bent grad- 
ually where not needed for moment—the effective cross-section the bars 
varies from maximum under the load nearly zero the support, which 
will result practically constant unit steel stress from mid-span the 
act support. The steel stress being constant, bond stress plays part the 
the design, but full anchorage éssential. T-beams advisable bend 
ique the bars from one flange over the opposite side the stem,.as shown the 
end view. Fig. (b), preclude any possibility the bars pulling through 
the corners. This will also have the effect helping prevent the splitting 
the beam into The structure thus becomes equally strong all 
parts. Such arrangement was devised few years ago William Fry 
Scott, Am. Soc. E.—the tests being witnessed the writer—and the 
results confirm every case the statements this paper. 
able With these suggestions the designer can extend the application the prin- 


ciples mentioned the cases beams uniformly, otherwise, loaded, con- 
tinuous beams, counterforted walls, and other structures. 
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THE GRAPHICAL SOLUTION 
CORRELATION TABLE 


the engineer the graphical solution any problem interesting and 
welcome. also seems that the solution correlation for Pearson’s 
product-moment coefficient him thing avoided whenever possible; 
but the time long past when statistical methods should have been accepted 
and earnestly put use the engineer. 

The objects this paper are three: First, present correlation table 
new light; second, offer graphical methods which may used for other 
but similar purposes; and, third, provide short method for obtaining means, 
standard deviations, and possibly correlation. coefficients for those whom 
computing machines are not available, but who are experienced draftsmen. 


The methods described apply data consisting two variables which 
bear relationship each other. The problem involved determine the 
degree this relationship measured the correlation coefficient. 

The correlation table shown Fig. was made from data consisting 
the tensile ratios and the 28-day tensile ratios for mortars using 147 
sands. For any sand the ratio found dividing its strength that for 
Ottawa sand made with the same cement the same time. These ratios were 
multiplied 100, thus expressing them 

The 7-day ratios are plotted the horizontal axis and the 28-day ratios 
the vertical axis. For convenience, the arrays are numbered consecutively 

discussion this paper will closed April, 


Asst. Prof. Civ. Eng., Univ. Maine, Orono, Me. 


For solution correlation tables usual methods and other statistical methods, see 
Yule’s “Introduction the Theory Statistics,” 381, Lippincott Co., Philadelphia, Pa. 


For information concerning similar data, see, No, 10, Maine Technology Experi- 
ment Station, 
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from 12, beginning the upper left-hand corner. For the present pur- 
pose the numbers the the squares must assumed represent 
units force acting the center the square. The numbers the bottom 
the diagram would then represent the units force acting vertically the 
respective columns, and the numbers the right side represent units force 
acting horizontally the respective rows. 

The mean value and the mean value must first obtained. This 
easily accomplished applying the method for finding the resultant 
any system forces.* 

The next constants sought will the standard deviations the and 
values. The standard deviation (S. found obtaining the 
summation the products the units force and the squares the dis- 
tances from the mean Y-line, dividing the number units the table 

which, may replaced where the number any given square, 
and the distance from the center the row containing the square the 
manner. 


(Fig. and assume that the area, able exert force A-units 
parallel either axis. 


and extracting the square root. the engineer this means 


Lay off the veetor, 0-1, represent some given Choose point, 
any perpendicular distance, such H,, from 0-1 and draw 0-p and 1-p. 


Draw line through parallel From any point, this line, 


See “Graphical Analysis,” William Wolfe, McGraw-Hill Book Co, 
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draw a-m parallel 1-p, and then m-b parallel 0-p. Now, chose p’, 
any perpendicular distance, such H,, from a-b and draw and 


The proof follows: Triangle similar Triangle and Triangle 
similar Triangle ne. the first pair triangles: 


or, 


are, the other triangles, 

the 


Substituting the value a-b, 
= H, x (e-f) 


x 


This same method will applied each the squares the diagram 
and the result, obtained multiplying one ordinate and 

tion and the drawing a-p’ and Then find the intercept between 

The proof follows: before, Triangles and p01 are similar. Then, 


(0-1) 


Since Triangles p’ab and are similar, 
therefore, 


1-p. 
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the correlation table solved (Fig. the ordinate for for 
each row may found and these may added, provided the and 
remain the same for all the for the the whole diagram 
may found multiplying this total ordinate and all values being 
measured the proper scale. 

One the most difficult features applying these methods larger 
problem the choice scales, two which are used, namely, the per- 
centage and the scale Figs. 10, and 11, all measure- 
ments are made the scale is, given length represents 
certain percentage. Figs. and all measurements are made the 


scale numbers and given length represents number units. Table 
will helpful following the demonstration. 


100 

Percentage 


These methods will now applied the correlation table shown Fig. 
The graphical construction necessary solve the table given Figs. 
11, inclusive. These diagrams are numbered consecutively the order 
their use,* the over-lapping one another (especially the various Figs. (a), 

Fig. lay off 0-1 representing the chosen scale the number units 
the first row. There are units the second row. Lay off 1-2 repre- 
senting the number units the third row and proceed similarly for all the 
rows getting the line, 0-11. Choose any point, P,, some convenient distance, 
such H,, from 0-11 and draw the rays, P,-0, P,-1, ete. Next, draw horizontal 
lines through the centers all the rows shown Figs. and Fig. 
draw String P,-0 parallel Ray P,-0 Fig. meet the horizontal 
line through the center the row Draw String P,-1 parallel Ray 
P,-1 get Line a-b. Thus continue get the line, 
Extend the first string, meet P,-11, the last string This point 
the line. This line now the X-axis and values and 
moments derived therefrom refer it. Next, extend the string, meet 
the Mean-Y line and for all the strings get the points, 0-1-2- 
the Mean-Y line. Choose the point, p,, some convenient distance, 


from this line and draw Rays p,-0, p,-1, Fig. draw String p,-0 paral- 


*In actual practice Figs. would best drawn single sheet for graphical 


comparison for convenience, they are separated here into two groups, which, however, should 
considered jointly. 
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lel Ray p,-0 Fig. and get Line a-A,; then, draw string parallel 
p,-1 and get a-b. Continue this procedure until m-B, obtained. The value, 
A,-B,, used obtain the standard deviation. 

Fig. lay off C,-D, parallel 0-11 and equal Fig. 
equal A,-B, Fig. With diameter, draw the semi-circle, 
F,-G,-E,. Then, through draw P,-G, perpendicular F,-E,. This line, 

The proof follows: construction, Triangle 0-11-P, 
Triangle P,-C,-D,. Then, 

Therefore, 

or; 

From Equation (1) and the theorem derived therefrom, 

which, the number any square and the distance from the 
Mean-Y line the center this square. This seen true, the 
ordinate, A,-B,, may divided into large number smaller ordinates 
exactly comparable the ordinate e-f Equation (1). This division may 
made extending the strings Fig. meet the Mean-Y line. con- 
struction, A,-B,; therefore, 


Substituting the value Equation (4), 


But, 


From plane geometry, P,-G,.is mean between and 
F,-P,. Therefore, 


The mean value and the standard deviation may obtained 
the same manner using the columns instead the rows. This construction 
and the intersection the and Mean-Y lines, marked the 
origin. 

The value, known the product inertia, the observations 
being considered having weight. This may simplified finding for 
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B, 

Seale 

Scale Units 


Units 
v 


each row (Fig. and multiplying the for this row indicated 
for the first row and for the fourth row. The for other rows not shown. 
Fig. lay off 0-1 represent the number units the first square 
the first row. There being other units this row, this part Fig. 
now complete. Choose any point, (Fig. 9), some convenient distance from 
0-1, and draw Rays a-0 and a-1. Fig. (a), assume m,’ anywhere 
the center line the first square and draw String parallel Ray 
the points the Mean-X line where intercepted the first and last 
strings, and the intersection the first and last strings, thus locating 
the mean value the observations the row under consideration. For pur- 
poses explained, located directly under m,’, and the center the 
row. This line, u,-v,, when multiplied using proper scales, gives the 
moment this unit about the Mean-X line, for this row. 

Fig. (a) choose some point, any convenient distance, such 
from the Mean-X line. Then, a-u,-v, becomes force polygon 


POLYGON Fig. 


the ordinary meaning the word. modifying somewhat the theorem for 
simple moment, intercept between strings drawn parallel Rays a-u, 
and a-v,, vertical line distance, 4,, from will give the result sought. 
Extend a-u, and a-v, get the points, and y,, these points being located 
that parallel the Y-axis and that the perpendicular distance 

From the theorem for simple moment: 


construction, 4,; therefore, 


for the first row (Hay) 
Although the procedure for all the rows the same, one with larger number 
units will used demonstrate. Consider the fourth. Fig. the 
distance, 5-6, represents scale the two units the first square this row; 
6-7, the two units the second square; 7-8, the two units the third square; 
and 8-9, the single unit the fourth square. 

The point, chosen that its distance from the number line, 0-38, 
located. Now, draw Rays c-5, c-7, c-8, and c-9. Fig. (c) start pre- 
ferably that will fall Row and draw strings parallel the cor- 
responding rays Fig. for any space polygon. The first and last strings 
produced will intersect m,’, locating the mean the observations this 
row. This point projected upward the center the row gives the point, m,, 
which corresponds for Row The first and last strings produced meet 
the Mean-X line gives the points, and Through Fig. (c), located 
was Fig. (a), draw and c-v, and extend these lines get the 
points, and y,, these points being located that Line parallel 
the Y-axis and perpendicular distance from equal 4,. 

This construction similar that for the first row, hence the intercept, 
when measured the proper scale and multiplied and will 
give for this row. Since H,, and are made constant for all the 
rows, the ordinates may added and the multiplication made one operation. 
This shown Fig. 11. should noted that for the seventh row 
zero, since the first and last strings intersect the Mean-X line. 


case, from Fig. 11, 


Then, 
This denotes high relationship and shows that, general, those sands having 


high 7-day tensile ratio will have high 28-day tensile ratio. This con- 
clusion could have been reached inspection, but the absolute value the 
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relationship could not found for further use for: other 


ght. The regression lines are readily Points 
ated have been located the value the rows. broken line 
these points called the “raw regression line”, and the straight. line 
best fits this broken line called the “mean regression line” Fig. 12); 
This line shows how regresses set observations having 
identical y-values would not have identical but there would con- 
siderable range spread. For example, referring Fig. may seen 
that those briquettes having 28-day tensile ratios between and 80% had 
tensile ratios ranging from 100 per cent. would expected, 
however, that the mean the 7-day tensile ratios for this row would about 
80%, indicated the mean regression line. 
aber the mean the any row had been plotted instead the 
the actual values, these points would have fallen nearly straight line, and the 
for might have been found approximately without the aid 
are correlation. Unfortunately, this has been done many investigators, but the 
procedure wrong, for the cause this spread may the solution the 
problem and soon averaging begins the cause buried never 
uncovered. The raw regression line must plotted determine the line- 
pre- arity the variation, but study should made the entire data, 
cor- few average results. The mean regression line may drawn 
ngs follows: 
this the point the mean lines From lay 
ited perpendicular, N-Q, equal the mean regression line sought. 
‘This seen correct from the regression equation, 
This may stated as, 
This point thus been located. The other raw regression line, 
that must located finding the centers the columns the 
same manner the centers the rows. locate the corresponding mean 
regression line, lay off the Mean-Y line, distance, M-R 
Then, lay off ordinate, perpendicular M-R and equal 
This locates the desired regression line, Predictions may made from 


these lines, 
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While this method studying widely variable data will appeal only 
few people, should remembered that graphical methods have not gone 
through the process evolution experienced arithmetical methods. Further- 
more, good draftsmanship required make the method While 
the solution will increase difficulty the number units the table 
increases, principally because the determination for the solution 
for the standard deviations affected but little, and the method plotting 
the mean regression lines not affected all. 

The accuracy the results will depend large extent the scales 
used. However, careful work and ordinary size drawings should give results 
accurate the third decimal place. Where pictorial results are required, 
these methods should prove very satisfactory. 

For purposes comparison the arithmetical solution shown Fig. 12. 
the right the diagram, which similar that shown Fig. are 
various numerical values. Column (1), for example, will found the 
number observations, falling each row. the graphical solution, 
the line was used for Y-axis; hence, for the table was zero. 
This the ideal method, but for mathematical solution would necessitate 
replotting the table least tedious process getting variations from 
the mean with which obtain the required summations. much easier 
origin and, after the mean values are found, change the results 
the use transfer formula. 

For convenience, the Y-axis should chosen that will 
small possible, but not negative. will assumed pass through the 
center the first column indicated The same results are obtained 
with much less work and are expressed terms class interval, or, 
this case, units ten, rather than percentage; that is, the difference 
between the center the first column and the center the second would 
normally ten, but used unity. For the present the numbers along the 
axes have lost their meaning. the fourth row for illustration. 
Taking the observations each column order from left right, for 
found Column (2), Fig. 12. Values Column (3) are the means the 
observed values the respective rows and correspond the points, 
Fig. 

the bottom the table are seven rows which the seven 
columns the right, except that the and y’s are interchanged. The results 
are the same, except Row where the mean values for the columns are 
found instead the mean values the rows. The summations are now 
complete. 

The standard deviations also the correlation coefficient, are 
found indicated Fig. 12. These standard deviations and the means are, 
however, terms class-interval rather than percentage. The true 
equal the found, multiplied the class-interval. Therefore: 


| 
| 
2 90 
100 
130 
ic 
140 
150 
160 
Bn y2 
Bn x2 
. 


SOLUTION CORRELATION TABLE 


Ratio Standard Ottawa Sand-7- Day Tension 


Regressio 
Line 


884 


058 


147 147 


= 0.900 


6745 


yne 
er- 
ing 
70 
TO. 4 — 0.90 11.22 
or, 
the 160 
on. 
for 
the 
are 
T 


GRAPHICAL SOLUTION CORRELATION TABLE 


The true mean equal the mean found, multiplied the class- 
interval, plus the interval between the assumed axis and the true axis passing 
through (outside the limits Fig. 12): 


These true values must used obtain the mean regression lines. 

The raw regression line is_drawn plotting the values 
Column (3), Fig. 12, the respective rows and connecting the points. The 
raw regression line drawn plotting the values Row the 
respective columns and connecting the points. 

The mean regression line given by: 


this referred the intersection the mean lines origin, 


this case, 


Here seen tangible meaning for the value r.* the slope 
line, for should the standard deviations unequal this obstacle may over- 
come arranging scales that, graphically, the two standard deviations 
will represented the same length line. 

The other mean regression line is, the first form, 


For the table (Fig. 12) made the first form should used, giving the 
following equations: 


Apparently, common practice among engineers average results 
and consider their data what actually only one raw regression line. 
may seen that the equation derived will depend somewhat how the data 
are averaged. The means the rows give different results from the means 
the columns. desired predict 28-day ratios from 7-day ratios, then 
Equation (7a) must used; but desired predict 7-day ratios from 
28-day ratios, then Equation (5a) must used. Present methods probably 
would place the line between these two, and the results would error 
accordingly. Under any would seem that the usual practice— 
plotting the data, drawing. the best looking line the equation which may 
easily obtained, and calling this good enough—should abandoned. 


This relationship was first stated Francis Galton about 1880. 
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The mathematical solution now complete. About four hours should 
required solve the table completely either method. 


The first purpose this paper was present the correlation table 
new light. has been shown that the term called “standard deviation” may 
obtained those same methods which for many years engineers have 
evaluated the radius gyration any shape. The known the 
Engineering Profession the product inertia, and means are located 
the center gravity. With the regression lines plotted, the table may 
used very readily predict one quantity from known value related 
quantity. 

The second purpose the paper was present graphical methods which 


used for similar purposes, such find centers gravity, moments, 


inertia, and products inertia irregular areas which are not handled 
easily any other method.* 

The third purpose the paper was offer short method obtain means 
and standard deviations. Where the table must drawn, and where fre- 
quency curves and regression lines are required, believed that this method 
will prove efficient, the extra work for completing the solution will not 
great. 


These methods are the text referred the foot-note 46, with the 
exception the product inertia. 
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NEW THEORY FOR THE CENTRIFUGAL PUMP 


Discussion* 


wishes record his appreciation the very intelligent discussion accorded his 
paper. analysis the response reveals two interesting facts. First, 
might expected, any attempt question the logic and accuracy the 
present pump theory was keenly resented many readers and was often 
regarded the height presumption. the other hand was gratifying 
note that many readers, while skeptical first, began apply the new 
theory pumps their own design with quite satisfactory results. 
believed that time goes others may feel inclined adopt this method 
analysis principle least. should regarded the same light 
other hydraulic investigations that factors and coefficients from practice are 
essential, and these are modified proportions and other features the 
design. Knowledge the flow over weirs, through orifices, and channels 
rests the same sort foundation. There are many variables and they are 
difficult separate. 

The second feature brought the discussion that those 
who contributed are often quite unable agree among themselves 
what the correct theory for the centrifugal pump. Some maintain what 
they term “the old established theory” correct, others say its errors have 


been recognized long ago, and that has been replaced new theories. Some 
say the head shut-off others that equal to, less than, 


general, may said that most the facts claimed correct one 
contributor are denied another, and the chief point common their dis- 


Discussion the paper Sherzer, Assoc. Am. Soc. continued from 
August, 1928, Proceedings. 


Author’s closure. 


Associate Prof., Mech. Eng., Univ. Cons. Hydro-Mech. Arbor, 
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agreement with the writer. gratifying that nothing more serious than 
this was raised against the new theory. 

order avoid useless repetition several the points which most 
frequent taken will out for special attention and dis- 
cussed first. Following this, attempt will made reply adequately 
each discussion contributed. 

The four points subject most general criticism were: First, the question 
adding velocity heads order the total head 
the theory centrifugal pump; second, the question the correct- 
ness Equations (B)* and applied ‘to the centrifugal pump; third, 
the the three-orifice theory; and fourth, the application the three- 
orifice theory, pumps rising characteristics. These will discussed 
the order given. 

The question adding the pressure and velocity heads obtain the total 
head supplied the water centrifugal pump seems have been the cause 
most the objection the new The writer stated+ emphatically 
that incorrect regard these two separate and distinct amounts 
energy the action centrifugal pump. The pressure devel- 
oped such pump due, the name implies, centrifugal force; and that 
force not, and never was, energy. seems incredible that many are 
apparently unable distinguish correctly between force and work. 

fact that seems have escaped general attention that the exist- 
ence pressure incompressible fluid like water does not all imply 
the presence energy. Consider, for example, strong steel box entirely 
filled with water under pressure 100 per sq. in. Neglecting the elas- 
ticity the box and the compressibility the-water, this pressure, which has 
definite existence, and can easily measured, has significance whatever 
energy. Nothing useful can done with it. small valve the box 
opened water would flow, and the pressure would have 

Under some conditions pressure may regarded energy, but not always. 
Messrs. and Timoshenko§ both devote some space this question, 
but conclude that the pump theory correct add the velocity head 
the pressure head produced get the total head given the water. 
They submit diagrams purporting show how this may done. The main 
with their arguments that the machines they describe are not 
centrifugal pumps generally known. Their conclusions are perfectly correct 
for the machine they are considering, but not for the modern centrifugal pump. 

illustration will make this clear. Assume cylindrical tank 
rotate about its central axis and partly filled with water, Fig. (a). 
this vessel set rotation with angular velocity, the surface the water, 
well known, will take the shape paraboloid revolution (see Fig. 
(b)). the center, (A), both the velocity and are zero. Con- 
sidering pound water Point and with reference horizontal datum 
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plane through Point clear revolving with peripheral 
velocity, pound water there possesses kinetic energy, 


V,? 
also evident that this same pound water located ft. above 


the datum plane through Point and hence possesses ft-lh, poten- 


tial energy. The total energy is, therefore, the sum the two, The 


writer entire agreement with this result, but would venture point out 
that this not the way centrifugal pumps are 


Fig. (c) the cylindrical tank has been cut off the water-line and 
tight-fitting cover has been placed that the tank entirely filled with 
water. Now, this closed tank set rotation with angular velocity, 
Fig. (b), conditions are found entirely changed. the case 
the closed vessel less work done the water than when the surface 
open. The reason simple since starting from rest, work done accel- 
erating the water just fly-wheel brought speed; and, addition, 
the water (Fig. has been given potential energy. the closed vessel 
(Fig. (c)) the only work done bringing the mass water 


speed since change level takes place. The pressure the circumference 
V. 2 

vessel; but the former case the pressure has significance energy and 
work done maintain it. the latter case the pressure measure 

the potential energy, and work was done give the water this 
energy. 
The pressure the closed vessel parcel” the velocity that. 
produced it.* energy, however, entirely kinetic. add the two to, 
get the total head would equivalent adding the tension the string 


the energy the stone get the total energy when the stone whirled. 
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The writer does not deny the existence fluid pressure, was claimed phers 
some discussors, but merely states that some cases such pressure, while 
exists, does not represent corresponding amount energy. The centrifugal vel 
pump such cases. veloc 
The question whether the rotating water open the atmosphere, 
Fig. 38(b), closed chamber, Fig. 38(c), makes all the differ- must 
ence the world the amount work done each pound water. fore, 
will easily seen that conditions the centrifugal pump correspond 
Fig. 38(c) and not Fig. particle water the outer circum- 
ference (Fig. 38(c)) has both pressure and velocity heads, but its energy requ 
only kinetic. state the general pump theory that conditions are 
illustrated Fig. would about the same saying that considering kine 


particle water below the surface lake the pressure due its depth 
added the depth which produced the pressure get the total head. 

The second point which considerable objection was made was the writer’s 
statement that his Equations (B) and were not applicable the centrif- 
ugal pump. Several discussors have insisted that Equation (B) was the only 
one that could satisfactorily explain the performance centrifugal pump; 
others preferred Equation some simple modification it. Some 
remarked that the equations must used one who understands what they 
mean—the idea being that every one was not qualified. Judging solely from 
these statements, the writer doubts whether any those discussors have 
clear conception the actual meaning and physical significance Equations 
(B) and Equation (B), while correct principle, least for turbine, 
can eliminated once from consideration applied centrifugal 
pump. The reason for this given the paper* and may found else- 
where texts and works reference. Equation therefore, remains 
discussed. 

Referring Fig. seen that, 

Substituting this value cos Equation 


This will recognized Equation (37) often referred the discus- 
sion Professor The writer prefers take indirect method 
showing the real physical meaning Equations and (60). 

Consider machine which might termed mechanically driven lawn 
sprinkler, shown Fig. 39. This consists two radial arms attached 
central pipe which they may revolved about the center the pipe 


axis. The ends the arms are plugged and orifice made each, shown. 
The pipe and arms are filled with water and provision is.made for keeping 
the supply atmospheric pressure; and the streams discharge into the atmos- 
phere. The machine then revolved angular velocity, giving peri- 
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pheral velocity, result this, and the action centrifugal 
the water will flow out the orifices the end the arms with 
velocity relative the arms V,.* This means that the absolute 
velocity will the diagonal square the sides which are equal V,.. 
important remember that, neglecting losses, the relative velocity, 
must always equal the peripheral speed, V,. The absolute velocity is, there- 
fore, Since this machine receives the water zero velocity 
pressure the center and gives ultimately final velocity, 
evident that the work done the water (neglecting losses) that 
required the absolute velocity, and its energy entirely 


kinetic and equal 


for each pound water. 


Fie. 39. 


Now, assume more general case which the arms are not radial, but are 
curved forward Fig. 39(b). The only change this case that, while 


absolute velocity, C,, the vector sum (V,) and (W, V,). The work 
done before, for each pound water. trigonometry, 


or, 


The total head given each pound water hence 
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the conditions the problem, must always equal Hence, 


Ever 
This will recognized the transformed Equation Equation (60) 
given Professor Harris. 
should now clear just the kind machine which these 

equations are applicable. certainly not modern centrifugal pump; 
resembles more lawn sprinkler mechanically driven. Equations (C) and the 
(60) apply only such machines have all their energy the kinetic form 
the point discharge from the wheel. The theory its operation 
based the assumption that the water discharged against only atmos- atte: 
pheric pressure. neither these conditions are even realized 
the centrifugal pump, not unreasonable suspect that this difference 
the assumptions might the cause the generally observed discrepancy 
between the ordinary theory and the actual performance pump. The 
this point another error has come into the generally accepted pump 
theory and equations. well known that the quantity function the cha 
head for centrifugal constant speed. Most texts attempt prove off 
this reference Equation (60), follows: the law continuity stu 
flow, which, the total area the impeller perpendicular tha 
W,. substituting this value Equation (60) the result is: 
det 
This the usual straight-line equation often seen texts and generally 
mentioned the ideal quantity head curve. error here lies the fact de: 
equal V,, and since fixed the design the pump, cannot 
variable and the whole equation meaningless. fact, can easily seen 
that with such machine running constant speed the flow would 
definite and fixed amount, and nothing but change speed could alter it. 
now evident that all these familiar straight-line curves are based the 
same fallacy. small wonder that better agreement has been obtained. 
Equations and (60) are merely different expressions for the kinetic energy 
the water discharged from the arms such machine Fig. 
39(a) and (b), but this simple relationship does not appear generally 
known. The present pump theory seems almost perfectly applicable 
what might called kinetic pump the object which give only kinetic 
energy water. make this clear will noted from Equation (60) that 
these results have been recently verified tests such kinetic pump which 
demonstrates beyond any doubt the real meaning those equations.* 


For test results covering this point see seq. 
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The three-orifice theory has been the subject much the adverse criti- 
cism the paper, largely, the writer believes, due misunderstanding. 
Every centrifugal pump designer appreciates very well that the greater part 

his calculations center about these three points and that almost the entire 
performance pump determined its proportions these places. 

The usual theory well those modified ones suggested the discussion 

are invariably weak that attempt has been made take any account 

the action the case determining the pump characteristic. Any designer 

knows that change what the writer terms Orifice No. will completely 

alter the performance impeller. This fact has been given little any 

attention the various opinions presented the discussion. The effect 

change the area Orifice No. shown graphically comparison 

between Curves and Fig. 40. This was obtained from actual test 

impeller two casings which the area Orifice No. was varied. 
The writer fails see how Equations (B) (C), Professor Harris’ Equa- 

tion (37), would explain this well known most designers that 

change Orifice No. has two distinct effects: change the shut- 

off head; and, secord, change the slope the pump characteristic. 

study the effect the area the slope the curve the two have been adjusted 

that the smaller orifice, No. gives the steeper curve, which just might 
expected and perfect agreement with the writer’s theory. other words, 
small, greater fall pressure necessary obtain given quantity 

water through Orifice No. than large. The other effect 
determining the shut-off head must gained largely from experience 

while might liable cause trouble for beginner, any experienced pump 

designer would have sufficient data hand estimate this quite accurately. 
Beyond this point the theory given the paper will apply. 

n 2 

Gallons per Minute 

40. 

make this clear; assume machine, shown Fig. 41(a), which 

the familiar rotating water paraboloid, Fig. 38(b), except that hole has been 
made the side (a) the tank the level the vertex the parabola 


(Orifice 1). Next, assume stationary cylinder, (b), Fig. con- 
taining water, placed concentrically with the rotating cylinder, 
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the water levels Cylinders (a) and are the same, water will flow from 


Cylinder (b) since the pressures either side Orifice No. 
are equal and amount, Next, assume second stationary 


cylinder, (c), (Fig. 41(a)), placed shown and hole made the side 
the tank, (b), form Orifice No. the water level Cylinder (c) 
that Cylinders (a) and (b), water will flow through Orifice No. 
third stationary cylinder, (d), Fig. 41(a), provided and filled 
the same level Cylinders (a), (b), and (c), water will flow 
from Orifice No. Now, pipe with valve provided, shown 


Cylinder (d), and the pipe either leads the atmosphere some point 
2 
where the pressure less than water will flow from Tank (d). This 


means that the level will fall Tank (d) and water will flow from Tank 
(c) through Orifice No. This, turn, will cause drop level Tank (c) 
and water will flow through Orifice No. Again, this will cause drop 
the level Tank and water will flow from Tank (a) through Orifice 
No. course, assumed that the water Tanks (b), (c), and (d) 
stationary and only Tank (a) revolves; also, that water added Tank (a) 
make for that discharged from Tank (d). 

Fig. shows the water levels the tanks when flow taking place. 
The drop cause flow from Orifice No. shown through Orifice No. 
and through Orifice No. The total drop pressure cause 
flow through the pump which the sum and the case 


centrifugal pump, the quantity water allowed flow controlled 


the discharge valve from Tank (d). When this valve closed the tanks fill 


the level, and this the shut-off condition point delivery. 


Then, the discharge valve opened little some water will flow and 
the levels Tanks (b), (c), and (d) will adjust themselves accordingly. 
The amount the drop level between the tanks controlled largely the 
area the three orifices. The level Tank (a) is, course, always constant 
since revolves constant speed. were désired express the relation 
between the flow water through this pump and the reading pressure gauge 
located the discharge line from Tank (d), that is, draw the Q-H-curve 
the pump—as usually called—the procedure would follows: When 


water discharged, the pressure gauge read and this may 


represented horizontal line 42. Next, draw the curves for the 
orifices shown. Then add these together and obtain the combined curve. 


~ 


Next, subtract this curve graphically from the horizontal line, 
obtain the Q-H-curve for the pump. should now evident that this, 
principle least, exactly what taking place centrifugal pump 
although the details design and construction may different. 


and 
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closer approach actual similarity would consider that the water 
Tank might set revolution the dragging friction with Tank 
(a), well the jet-like action the absolute velocity water 
flowing from Orifice No. This would cause the surface Tank (b) 
shown dotted lines Fig. 41(b), and would have the effect increasing 
the height the shut-off head, thereby raising all points the curve. This 
often noticed actual pumps. fact, several discussors pointed out, 


most the better pumps exhibit this greater less degree, and shut-off 


heads exceeding are often obtained. This shows the elementary action 


centrifugal pump and that the shape the final curve determined 
large extent the dimensions the three orifices. higher mathematics 
needed and the result agrees well with practice, after few simple coef- 
ficients are obtained. 


Head Feet 


42. 


One matter criticism for which the writer must 
was his failure explain fully the apparent neglect velocity approach 
determining the drop through the three orifices. This was means 
ignored, but the full reasoning was not given. Having accepted the three- 
orifice theory matter principle was realized that the flow through 
any orifice governed, among other things, coefficient discharge. The 
difficulties determining this coefficient for each these orifices separately 
were obviously too great hold out much hope for success. was decided, 
therefore, determine blanket factor coefficient which multiply 
the combined discharge the three bring the computed results into agree- 
ment with actual tests, Accordingly, the drop was computed for each orifice 


m 

bined 
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separately the basis coefficient unity, and account was taken 
the regain velocity between them. 
When these computed results were compared with the actual tests, was 
interesting note that little, any, modification was needed and the results 
were cases quite satisfactory first computed. This merely 
coincidence, course, and while held true for large number pumps 
analyzed the writer, later experience may require the use some sort 
coefficient. would strange indeed such were not the case. was not 
the writer’s intention claim this theory infallible guide, but rather 
method procedure that was extremely simple and logical and showed 
great promise for future studies. The fact that apparently 
coefficient was needed can only mean that the neglect one factor has been 
nearly not entirely compensated the neglect the other. Future tests 
and studies, hoped, will throw more light this point. 
One thing further should mentioned regarding the analysis presented 
Figs. 10, and 11.* The pumps that produced these tests were not designed 
the writer and the computations for the curves were made from drawings the 
several pumps. cannot correctly stated, therefore, that the new theory 
applies only the pumps designed the writer. Any one good posi- 
tion check the theory pumps his own design any other for which 


may possess the design data. 


Curve'& Shut off head 


140 


2 
Curve A (Actual Q-H Curve | 
CuveB 
0. 


0 
0 400 800 1200 1 600 2 000 2 400 2 800 3 200 3 600 
Values Qin per minute 


was claimed several discussors that the new theory failed account 
for pumps having rising characteristic. This not the case; but the claim 
possibly valid since such analysis was not worked out detail, being 
merely alluded the paper. Under the heading, “Effects 
the writer mentions that the jet-like action the water discharged from the 


impeller assists the general rotation the water the pump-case and thereby 


some increases the head developed the pump. 
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The obtained test shown Fig. marked “Actual 
Q-H-Curve (A)”. The design data being known, the discharge diagrams were 
drawn for rates discharge 800, and 200 gal. per min. These 
are shown Fig. The absolute velocities, for these rates flow are 


68.5 
Values cos per Second 


DIAGRAMS FOR COMPUTING TANGENTIAL COMPONENT THE 
KINETIC ENERGY. 


also shown. evident that only the tangential component this velocity 
available for assistance rotating the water the pump-case. These 
values have been projected the peripheral speed, V,, and the tangential 
components indicated for each. The kinetic energy this water discharged 
into the case can easily calculated since both the mass per second and the 
tangential velocity are formula being, 


The computations are arranged for clearness Table 


Gallons Kinetic energy computed from tangential 


minute. 


foot-pounds per second. 


Curve (Fig. represents the tangential kinetic energy function 
the rate flow through the pump. The total drop through the three orifices 
for purposes analysis, Curve obtained. This represents the 
total head input the water passing through the pump function the 
rate discharge. horizontal line drawn through the shut-off head 
determined test Line (Fig. 43), will noted that Curve 
relation Line very much the same Curve the horizontal axis. 

All that now required establish relation between the values 
and the increased head above the shut-off point shown Curve 
This can only done experimentally, and will doubt different for 
various designs and The writer has found from the analysis 
large number such pumps that, for the ordinary pump and over most 


83.0 
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the range the characteristic, for every 1000 per sec. tangential 
energy, the head increased about 0.8 ft. This varies somewhat and 
best that each designer determine such value for himself, based his 
usual designs and proportions. the absence such data 0.8 ft. will prove 
quite satisfactory. This will not hold, course, for the section the curve 
near the break-off point where the capacity the maximum. 


actual analysis pump the procedure would very similar. The 
steps are follows: 


- 


(1) Determine accurately possible the shut-off head (either 


test formula) and draw horizontal line, (Fig. 48), 
through it. 


(2) Compute and plot Curve 

Apply the suggested coefficient 0.80 per 1000 ft-lb. per sec. 
the values Curve and plot above Line feet head. 
This gives Curve the total head curve. 

(4) Caleulate and plot Curve showing the total drop through the 
three orifices given the paper.* 

(5) Subtract Curve from Curve graphically and obtain Curve 
the approximate characteristic curve. 


This very simple and direct method which the writer has used success- 
fully for some time. Its accuracy rests entirely the correct selection the 
factor converting tangential kinetic energy into head. After few such 


analyses are made, any one position determine that factor for 
not any means constant over single characteristic and, course, 


varies different designs. Pumps unusual proportions will require special 


coefficients. One great advantage this method that enables designer 
predict advance whether pump will have rising, flat, steep char- 
acteristic. easy see that the values Curve are greater than those 
Curve above Line then falling characteristic will 

Referring the point delivery, pumps which ordinarily have flat 
falling characteristic may appear having rising one some tests 
because the presence air the water slight leakage air through the 
stuffing-box suction line. This due the depression the head that 
point. course, the foregoing analysis will not fit such tests. Care should 
taken make sure that reliable characteristic obtained when accurate 
comparisons are desired. error the head delivery will reflected 
all the other values the same degree. many cases the tangential 
kinetic energy small that little any effect noticed, and sufficiently 
accurate deduct Curve directly from Line This was the case for the 
pumps analyzed the paper and perhaps the situation most frequently 
encountered. 

Mr. attaches great Equation (B) stating that 
the only one that can properly explain the action centrifugal 
further points out that element must omitted; but neglects explain 
how the term, cos obtained and this the question that has given 
almost universal difficulty. Most other authorities disagree with him pre- 
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ferring Equation (B) Equation Other discussors have denied the 
correctness either. The writer has made inquiries regarding the special 


pumps mentioned which gave heads approximating From 


tion was obtained would appear that these were not centrifugal pumps 
all, but were the rotary type. 


Mr. Macmeeken mentions the accepted and proved theory, which raises 


the point who accepts and how was proved. The statement that the 


writer’s design will always require larger impeller than volute pump good 


design direct contradiction the data presented. Reference Fig. 16* 


will clearly show the greater head developed the circular case-pump com- 
pared with good volute pump. Both impellers are the same diameter and 


run the same rotative speed. well known that volute pumps may 
develop greater heads than and the same true circular case-pumps 


even greater degree. 

Mr. Macmeeken’s objection Fig. 4(b)+ indicates lack 
the reasoning. The total power required drive the pump may divided 
into two parts, one give energy the water and the other overcome the 
various losses the pump (mechanical and otherwise). The total losses were 
determined test approximately 3.75 h.p., which left 1.25 h.p. the 
energy given the water. The sum the two was 5.00 h.p., which was found 
test required drive the pump discharge gal. per min. 
The 1.25 h.p. was found just what was required lift gal. per min. 
the head 100 ft. and this was checked actual test. This indicates 
hydraulic efficiency about 100% for small rates flow. matter 
fact could not otherwise. Assume, for example, that Mr. Macmeeken 
was correct and that the efficiency was less than 100% (say, per cent.). 
Then, there would arise the interesting situation putting into the water 
0.60 1.25 h.p. 0.75 h.p., and actually getting out 1.25 h.p. work. 
This would better than perpetual motion. When little water flows 
there are great losses energy and the hydraulic efficiency nearly 100 
per cent. Mr. Macmeeken states that, the contrary, the losses will very 
great. few simple tests should show his error. The writer agrees with 
the transformation Equation but does not believe that, 

that relation correct the situation better than The 
ratio the dimension, mentioned, affects the shut-off head which 
has been already considered. 

Mr. Macmeeken that the so-called commercial efficiency pumps 
mentioned the paper per cent. The efficiency 60% given was 
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determined taking the ten quotations submitted leading 
pump manufacturers, including Mr. Company. This was: the 
best information obtainable the time the paper was written. However, 
quotation high 77% was received. 

the circular case not new emphasized the paper. 
Mr. Macmeeken’s statement* that the volute superior the case 


contrary easily proved facts. the case the multi-stage designs 


there were other reasons for the difference.* 
gratifying learn that Mr. applied the new theory his 


own pumps with such success. should stated that the relative efficiencies 


the two pumps Fig. were about the same. This due to.the 


fact that the head for the circular case-pump was more than 100 ft. greater 


than for the volute pump. When the circular case-pump impeller was reduced 
give the same head the volute pump, there were about five points 
efficiency favor the circular-case design. 

Mr. raises the question who qualified pass the meaning 
the fundamental pump equations. From the discussion evident that 
one the few who still believe them. the others believe 
that any use all they require considerable modification. 
that not enough detailed equations are given the paper. The 
fact that none needed except those that were given.t The writer con- 


this simplicity rather advantage than otherwise. Whatever else 


may said about the theory certainly new and not all similar 
any found current texts. The paper was not intended into matters 
design, except very general way. Only the question theory was 
involved. For this reason, detailed design data were considered necessary. 

Captain Reed the generally known fact that the ordinary accepted 
theories for the centrifugal pump come close agreeing with 
observed test results. His explanation typical that now given great 
prominence abroad, the effect that the difference between the 


actual angle discharge and that obtained from the ordinary diagrams. 


While the writer does not doubt that there may some slight difference, 
almost impossible imagine any such difference would bring about 
agreement. The writer suggests that Captain Reed try such 
once and see what the difference would have be. This only one 
number straws that been snatched effort save the present 
theory. much time had been spent looking for more obvious errors 
greater progress would have been made. 

Mr. registers his belief what terms the “old established 
blower, theory.” Contrary his statement the writer has not denied 
existence fluid pressure, and perfectly aware that pressure 
may and usually exist independently fluid. What the writer did say 
was that the pressure the pump-case separate and distinct amount 
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of. energy from the velocity which produced and that pressure not 
energy any more than force work, when applied incompressible fluid 

2 
like water. The writer never claimed the maximum pressure 


for centrifugal pumps; all those the paper develop. heads 
exceeding that amount. The reason for the amount, that most 


the current texts such value given for the head developed shut-off. 
many agrees fairly well with practice, but there are, course, 
exceptions. 

replying Professor Harris* will convenient take each para- 
graph separately. The answer Item (a) matter opinion. Some 
the recent writings are after all not different from those twenty-five 
years ago. more specific Equation (37) which Professor Harris claims 
for his own has been existence even longer. 

Item (b) the writer feels that Professor Harris has greatly magnified 
the difficulties encountered the ordinary application Bernoulli’s theoren. 

(c) “hair-splitting” and affects the amount, but not the principle. 

again involves the old question: the head shut-off 
Professor Harris claims which opinion shared some discussors 
and denied others, The writer maintains that such head, regarded 
energy, present nor can any manner utilized. 

(g) badly confused and the writer cannot see its bearing the 
question. Such discovery would surprise the writer fully much did 
Professor Harris. 

Item the fact states true, but his conclusions are far 
explained under Item (j). Neither Equation (37) nor the 
other data asks for, would any great help. 

Item the writer did not state that the jet had have greater 
velocity than the paddles although would have, course, the case 
forward curved vanes. 

Item (j) Professor Harris assumes the réle prophet and ‘speculates 
the probable values the design angles, etc. While not wishing 
into the complete design data the writer can say that not single guess was 
correct. Furthermore, the writer has done Professor Harris suggested, and 
has tested the pump with forward The efficiency was not 
below 50%, Professor Harris claims, but value well above that. His 
Equation (37), given, the equivalent Equation and does not 
apply centrifugal pump all. This equation old and has been com- 
monly used many writers. Professor Harris gives method separating 
and analyzing the losses pump and suggests that may enlighten designers 
who are trying improve the efficiency their pumps. not hard see 
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why designers have not made more use his method. Professor Harris 


mometer input the pump, the energy dissipated the pump, 
the discharge, and the head developed the pump. said the 
head lost between intake and discharge. This impossible since his 
reasoning has assumed that all the losses the pump are hydraulic 
nature. seems have completely forgotten that mechanical losses such 
bearing friction, stuffing-box friction, and disk friction the impeller 
form the bulk all the losses. 

Mr. wonders why only the sum the three given velocity 
heads should used, and further suggests that another were added the 
result would different. The writer knows only three points control 
the pump and hence the three velocity heads. the shut-off heads 
Figs. and 11§ these were obtained test. 

Many the points the discussion|| Professor Hooper are exceedingly 
well taken. The head mentions, registered piezometer, measures 
merely force and does not represent energy separate and distinct from the 
velocity which produced it. One the measure the other. Centrifugal 
force not energy itself, but may serve measure and indicate the 
presence kinetic energy. 


hydraulic laboratories Europe. The data Table 1** impress one 


being rather too academic. quite number years’ experience 
pump designer the writer has never found any such difference performance 
due variation the number vanes these data would imply. 
also disagrees with the fundamental assumptions which the computations 
were made. theory based infinite number vanes not 
and not all necessary order explain the present theory. used 
the incorrect assumption that complete guidance the water could not 
obtained with any finite number. 

Professor supports the writer’s claims the fallacies the 
theories found most the modern texts. Professor Stodola also 


2 
said agree with Professor Medici that the head shut-off and 


not This, again, adds the conflict opinions expressed the 


discussion. The writer does not feel that Fig. any way explains 
rising characteristic accounted for his new theory. His views the 
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NEW THEORY FOR THE CENTRIFUGAL PUMP 


effect the vane angle, the pump characteristic apply only 
impeller discharging into air and without case. Under such conditions 
the question merely one simple trigonometry, and any one can verify 
for himself. such cases the results the angles, equal 60° 
and 120°, would not all the same claimed Professor Medici. 
Construction the vector diagrams will show this. The criticism Fig. 


based misunderstanding. The writer did not claim that the head 


shut-off was always fact, showed* that under certain con- 


ditions heads much higher than were easily obtained. was 


for the purpose showing that the circular-case pumps were capable 
greater heads for the same value than the ordinary volute pump. The 
writer does not believe that the various assumptions vane pressure, recir- 
culation, ete., given Professor Medici, are sufficient explain the 
differences. They all involve loss energy while accurate tests will readily 
show that such loss has taken place. 


Professor goes record believing the head developed 
rather than and gives illustration prove his point. The illustra- 


tion and his reasoning are both correct, but easily perceived that the 
machine describes not centrifugal pump. The variation the angle, 
emphasized Professor Blaisdell has been mentioned others, but 
few simple computations will show entirely inadequate explain 
errors large almost 100 per cent. 

Mr. O’Brien’s interest, but does not apply directly 
centrifugal pump. His criticism that the writer neglected consider the 
stretching the wire not well taken far pumps are concerned, 
because the water assumed usually incompressible. 

The discussion Mr. contains some unusual statements which 
the writer quite unable follow accept. For example, states that, 

“The pressure any part body rotating liquid not due its 
velocity; would possible destroy its velocity and still have the pressure 
remaining exactly the same before.” 

Certainly liquid cannot rotate without having velocity, and does 
not rotate has pressure unless exerted some other agency. 

The writer indebted Dr. for very clear and concise 
statement the points difference. makes use two illustrations 
prove that the pressure head and velocity head may added give the 
total head, and his reasoning correct. has simply made the old error 
assuming that was describing the usual form centrifugal pump. 
Dr. Timoshenko’s illustrative example the ball moving radially groove, 
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(Fig. 34),* attention the increase the time action due 
the opposing The writer see that time action has 
anything with the work done, since work merely force times dis- 


tance and time not considered. Dr. Timoshenko develops case which 
the total head may very properly regarded then considers 


the question the water flowing radially the groove opposed the back 
pressure the water the surrounding case, and concludes that the work 
done each pound water will exactly the same before. That this 
view not correct can proved easily carefully made tests. 

Consider example, shown Fig. 45, consisting radial piece 
velocity, The outer end the pipe plugged and hole made the 
plug through which water may flow. The pipe now filled with water and 
rotated about center, shown. Assuming source supply atmos- 
pressure the center, water will flow continually through the orifice 
the end with relative velocity, W,, equal the peripheral 
Thus, the absolute velocity and the kinetic energy per pound 

2 
water This substantially what Dr. Timoshenko has claimed, and 


the writer agrees with him its correctness. has also been confirmed 
tests, will shown 


Fie. 45. 


Now, assume that the same whirling radial piece pipe (Fig. 
mounted concentric circular casing which completely encloses (Fig. 
45(b)). This enclosing case provided with outlet through which’ the 
discharge may regulated, Assume, further, that the entire case 
and radial piece pipe are filled with water and that the pressure the 
center, atmospheric; also, that the valve closed. The water 
the radial whirling pipe under centrifugal force will try move out from 
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the center and flow through the orifice However, the space outside 
since water practically incompressible, flow can 
place.. Its desire get out will communicated all the particles 


2 
outside the case and will appear static pressure equal the 


water the case does not rotate with the revolving radial pipe. 

drop water Orifice (Fig. 45(b)) has only kinetic energy 

per and that the only work done the motor which 
drives the revolying pipe. work was done during the acceleration 
period and after once speed further work required except 
overcome the various mechanical losses. easily seen that the velocity 
and pressure are (as was stated*) “part and parcel” each other. 
may regarded measure the energy, but not both. The pressure 
exists because the velocity and depends it. Were there velocity 
there would pressure (Mr. Donnell the contrary notwithstanding.) 

Now, the valve opened little some water will flow out. The 
pressure the case will reduced,, and, since the back pressure, which, 
beforé the valve was opened, was just equal and opposite the head developed 
centrifugal tending produce flow, now reduced, water will flow 
out through Orifice replace that flowing Orifice The relative 


Orifice will due the difference between the centrifugal 


and the back pressure the case. will small the 
pressure difference small and will approach value, V,, the 
back pressure atmospheric. This means that, for all cases pres- 
sure this casing, the relative velocity, will less than shown 
Fig. 

The work done each pound water passing through this machine 
measured solely the amount kinetic energy the absolute velocity 
discharge, C,. (This not agreement with Dr. Timoshenko.) The 


energy the water zero when enters, and when leaves, the 


head 


orifice, hence the work done for each pound. Fig. (a) shows how 
the pressure the case affects the absolute velocity, C,, and hence the 


work done. (maximum) obtained with zero pressure the 
case, and (minimum) occurs when practically flow takes place 


2 
and the pressure the case This explains why the shut-off head only 
and not 
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The situation may compared that shown Fig. 46(b) and (c). 
the water level the same each tank (Fig. 46(b)), flow will take 
place and practically no-work would required get particle water 
from one tank the other. However, Fig. 46(c) the levels are not the 
same and, hence, flow will occur due the head, shown. case 
water motor pump were located the connecting. pipe (Fig. 46(c)), 
power would obtained from the head, work would have done 
against only that head get water from the lower the higher tank. This 
fact important. each case the work done can calculated deter- 
mining the relative velocity, W,, due the pressure difference and com- 


bining this with the peripheral velocity, V,, vector obtain the absolute 
velocity, C,. 


Pressure in Case is 0 


Fic. 46.—EFFECT BACK PRESSURE THE RELATIVE AND 
ABSOLUTE VELOCITIES. 


Dr. would say that the work done always the same and 


2 
equal matter what the pressure and hence matter what the 


absolute velocity. His idea that the work done divided into two parts 
one produce the absolute velocity, and the other get the water out 
into the case against the back pressure. Fig. 46(c) should make clear this 
fallacy because, there level difference shown, flow will take place 
without any additional expenditure work. difficult understand 
how Dr. Timoshenko’s claim could sound mechanically even were 
hydraulically correct for the reason that the water work against 
the back pressure the case the direction this force must radial and 
balanced all around. such force could have tangential component. 
hard see how could possibly affect the turning the which 
the only way power could consumed. 

The problem was clear cut that was decided try experiment 
which would settle the question absolutely. For this purpose apparatus 
similar that Fig. was made shown Fig. consisted 
piece 2-in. pipe which were connected the two radial 
The pipe passed through stuffing-boxes each side. also continued one 
side into open tank containing water and the other was connected 


| 

ing 

pro 

pre 
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small electric dynamometer. The supply water the open tank. was 
arranged that the water level was maintained few inches above the open- 
ing through which the 2-in. pipe entered. The box was air-tight and was 
provided with discharge valve the bottom pipe leading the com- 
pressed air tank the top. gauge was also- provided record the pres- 
sure the box. 


“4 Compressed 
‘ Air 


Open Tank 


Dynamometer 


was possible maintain any desired constant pressure box 
regulation the air inlet valve top and the water discharge valve below. 
The dynamometer was allowed run without water the rotating arms 
and the “no-load” reading was taken. This consisted slight amount 


stuffing-box friction and windage. Then water was allowed flow into the 


2-in. pipe and out through the arms. The power required drive the machine 
was then observed and corrected for no-load losses. The pressure (if any) was 
maintained constant during each test. The quantity water discharged 
was determined weighing accurately calibrated this way 
tests could made either with atmospheric pressure the box higher 
desired. 

tests were made atmospheric pressure. The final results 
checked almost exactly with what would expected under such conditions. 
The peripheral speed the end the rotating arms was ft. per sec. 
was found observing the radius and the rotative theory 
the relative velocity, the water from the orifice should 
the same V,, ft. per The absolute velocity would 
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per pound water would be, 

The quantity water discharged was 22.45 gal. per min. The power 
required raise 22.45 gal. per min. height 204 ft., would 1.156 h.p. 

The power actually measured the dynamometer was 1.142 
checks within less than 1%, which sufficiently close for all pur- 
poses. This agreement was just expected and neither Dr. Timoshenko nor 
the writer had any difference opinion here. 
ft. per Second te: 
all 

the back pressure the 
all 
flo 
The next test was designed would the effect back 

pressure the box. The peripheral speed discharge was 55.5 ft. per sec., 


and there were back pressure the box the relative velocity would 
also 55.5 ft. per sec., and the absolute velocity 78.5 ft. per sec., shown 
‘in Fig. However, pressure 12.6 per sq. in. was maintained 
the box during this run. The head due force tending 

box 12. which equal 29.1-ft. head. net head producing flow 
through the the difference between these two, 18. This head 
will produce relative velocity, 34.8 ft. per sec.. this velocity, 


65.6 ft. per sec., obtained. The kinetic energy represented this 
2 


66.5 ft. The quantity water discharged was 
found 8.88 gal. per min. The power required per 
was 0.1475 h.p. This agrees within practically proves abso- 
that-no work done against the pressure the box, was claimed 
Dr. Timoshenko. were correct the power required would have been 
0.2150 h.p. instead 0.1495 h.p. measured. 
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other words, has been shown actual tests that the head not 
2 


such cases, but quantity less than that, which may computed. 


the pressure head the box was increased until was nearly equal 
2 


the flow would reduced almost zero and the head would approach 
was shown the paper and now verified test. This exactly 


the situation that prevails centrifugal pump shut-off. Many other 
tests were made with forward and backward radial discharge and 
all confirmed these conclusions. 

These tests are important because they show that the lack agreement 
between the ordinary theory and practice cannot explained the basis 
different angle discharge from that intended the design. 
allowing the water flow through orifice radially out into the box there 
could uncertainty the direction taken the water. cannot 
flow any other way than normal the plane the orifice. The conditions 
modified the pressure the box alone are capable explaining the 
difference. These tests should settle the whole argument beyond any doubt 
and the writer would recommend that any one who not convinced make such 
tests for himself. the only way settle the question definitely. The 
writer wishes express his appreciation for the very kind comments and 
discussion Mr. Cox,* and will await with interest further details his 
new type axial flow pump. 

bringing this paper close the writer again wishes thank those 
who were good contribute the discussion. 
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nected with the design dam that located what known Site 
No. Bridge River British Columbia. This work the lower end 
30-mile glaciated valley that about mile width, with surrounding 
hills granites and schists. The actual dam site about 800 ft. width 
between granite outcrops. Borings showed that the rock either side pitched 
sharply downward, and drilling the center was stopped when was 
not reached 225 ft. depth. 

borings showed heavy bed clay about ft. below the sur- 
face, numerous other test were sunk, and clear conception the under- 
lying beds was obtained. ‘At the neck the valley are beds coarse talus 
lying these strata continuous glacial post-glacial clay perhaps 
ft, thick the valley neck, but rapidly deepening to, ft., 
more, stream and impervious blanket contact with rock 
either side. Overlying this are recent deposits silt and sand and gravel 
from ft. thick, forming the present valley floor. 

Tests were made with view determining the bearing power settle- 
ment both the clay the overlying The settlement 
considered great importance because the project for dam 
with concrete facing and water-tight apron extending point 
where cut-off can made into The this lining will 
have provide for any settlement. 

November, 1928, 


Designing Engr., Constr. British Columbia Elec. Ry. Co. (Ltd.), Vancouver, 
C., Canada. 
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The soil-pressure testing apparatus was similar that recommended 
the Society’s Special Committee the Bearing Value Soils for Founda- 
tions, etc.,* but was designed for load tons, that loading 
the screw-jack which was used ‘because the force required 
move the latter leveling induced extra settlement the test post. 


shows the log the test hole this location. The material was sand and 


composed sharp angular fragments, quartz. Eight feet the 


top-soil was removed and the tests different areas were made the bot- 


sand was saturated and the pit and continuous 
pumping keep unwatered. However, during tests the pit 
fill with water. Figs. and give the results the loading tests. 
attempt was made measure flow surrounding soil during the 
loading the 4-ft. square plate. Stakes were in. into the ground 
distance ft. from the loaded area. These did not show consistent 
results, but the end the test they had risen average 0.015 This 
settlement may have been due the effect unwatering. 

Pit No. shows the test-hole log Test Pit No. 


ft. below the area being tested and the test was made 2-ft. square area 


The material was clay and and difficult spade, but under the 
men’s feet became plastic. Its 
Weight clay sampled, pounds per cubic foot. 
Percentage lower limit state 42.5 
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original volume. 


The mechanical analysis elutriation follows: 


Percentage. 


Under the microscope estimated that least 25% the grains 
the last class are 0.002 mm., The general character the grains 
angular. Figs. and show load-deformation and time-settlement curves. 
Tests similar those the sand were made determine any movement 
the surrounding soil, but little detected even with the heavy settle- 
ments The tests were carried the point shown effort 
reach the ultimate load anticipated from the dam. 


Q 


Considering the tests sand, interesting note that the ultimate 
loads per square foot agree with the author’s Equation (2),* varying directly 
Proceedings, Am. Soc. E., November, 1927, Papers and Discussions, 2266. 
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with the diameter the loaded area, the test loads being 000, 000, and 

6700 lb. per sq. ft., and the corresponding computed loads the basis 

the larger area being. 000, and 400 per sq. ft. also 

noted that the settlement about the same for any given unit load. this 

test, since all bearing-plates were the surface the bottom open pit, 

the any relationship depth diameter does not enter. inter- 
esting note, however, that certain foreign specifications allow increased 
loading foundation equal the weight the removed 
soil. 

The lacking experience tests similar nature, finds difficulty 
properly interpreting the test with the tests sand, 
might said that failure took place 500 ft. After this point, 
increased load caused heavy settlements but, the curves ‘show, those 
decreased time, and practical equilibrium established, even with 

loads ft. and total settlements 2.3 ft., the settle- 
“ment the last ten days this load being 0.01 ft. possible that 
‘with this heavy settlement some extra bearing surface the apparatus became 
effective, but not thought that this was important. Release the load 
its re-application caused some slight additional settlement, shown 
the curve (Fig. 45). the main thought that the increased support- 
“ing power the clay was due local consolidation under the. bearing-plate. 
similar results will occur diameter loaded area 100 times 
seems author’s formulas are only applicable 
loads within what might called the elastic limit, they give guide 
the future behavior this material, the present case, diver- 
sion dam small proportions built first, and intended make 
more loading tests the exposed foundation and then compare those 

have adequate data the ultimate structure designed. 
The paper has been provocative one, and the writer hopes that con- 
tributing the results his experiments, will have helped building the 
much needed data. also hoped that the author will indicate any omis- 
sions this description the soil which would have made the data and 

tests more helpful other engineers dealing with like material. 


tests made the University prior 1916 the transmission 
pressure through The results tests made since that time, which 
were reported the discussion “Transmission Pressure Through 
Solids and Soils and the Related Engineering Phenomena”,§ George Paas- 
well, Am. Soc. E., are thought sufficient interest given 
here greater detail. 


See, 


Prof., Mechanics and Hydraulics, Univ. Illinois, Urbana, 

Received the Secretary, October 20, 
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Fia. 47.—ARRANGEMENT PRESSURE CAPSULES. 


Fie. 46.—LABORATORY APPARATUS FOR TRANSMITTING LOADS THROUGH SAND. 
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The experiments were made pile loose bank sand having diameter 
the base ft. the greatest depth (38 in.) the sand pile had top 
diameter ft. 'When the experiments given depth had been com- 
pleted, in. ‘sand were removed from the top the pile obtain the 
next depth sand over the capsules. The base the sand pile had diameter 
all the tests, but the top diameter increased the height the 
sand pile diminished. load was applied the sand through circular 
plates, 13.5, 21, 30, and in. diameter, jack, and was determined 
means calibrated spring. The arrangement the apparatus 
shown Fig. 46. 

vertical pressures transmitted through the sand were. 
thirty-one pressure capsules placed six radial lines 
manner that there was one capsule directly below the center the circular 
plate and three capsules each circle 12, 15, 18, 21, 24, 
30-in. radius about the center. The pressure capsules were the same those 
used the experiments reported the Second Progress Report the Special 
Committee Stresses Railroad Track.* They were calibrated before and 


after the experiments were made. The arrangement the capsules shown 
Fig. 47. 


Pressure Sanp ARRANGED THE ORDER 


pounds. square inch, 
18.5 700 46.5 150 
5d’ 400 87.5 112 


Table shows the order which the experiments were made and the 
maximum load applied each test. The upward reaction computed from 
the readings the capsules, expressed percentage the applied load, also 
shown check the accuracy the measurements. will noted that 


Transactions, Soc. E., Vol. LXXXIII (1919-20), 1409. 


reactions are too small the three series large 
that the average readings points may not represent 
may different from that which would that there 
eapsule; that is, the capsule has: effect ititen- 
tunately was not foreseen and the first eight 
attempt was made loosen the sand when the ‘one size plate 


FROM APPLIED Loap, 
INCHES. 


Depth Diameter 


condensed summary the results the experiments given Table 11. 
The average intensity pressure various depths and distances from the 
axis the applied load given percentage the average intensity 
load applied the circular plate. will noted that there are many incon- 
sistencies. 

comparison the pressures found directly below the center the 
loaded plates these experiments with those found the previous experi- 
ments the University Illinois shown Fig. 48. The dotted lines rep- 
resent the equation, 


Diameter 
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which was deduced from the earlier experiments. agreement not good. 
was stated paper which the equation was published* that, “the 
equation represents roughly the results the experiments, but not prob- 
able that has general The difference the results the 
two sets experiments may explained part the difference proce- 
dure making the tests. the experiments reported 1916 high 
intensity pressure was applied. The plate was forced down several inches 
the level used when taking readings. result the was compacted 
beneath the center the plate and was beneath the edge the 
plate. Such condition may exist under heavily loaded sand, 


Diameter Plate—Inches 


These pressures were not used the later experiments because the 
fear that many the capsules broken. thought that the dis- 
tribution pressure beneath circular footings used practice will between 
sented Table 

The intensity pressure any point ballast beneath footing 
not definite percentage the average intensity the applied but 
different for different degrees compactness the ballast and for different 
intensities applied pressure. is, therefore, not possible draw “pres- 
bulbs” which ‘have application. The high intensities 
tests the University before 1916 are only found when the 
plate carrying nearly its ultimate load. 

was shown the Second Progress Report the Special Committee 
Stresses Railroad that the intensity pressure any point 
ballast beneath several loaded ties may found adding together 
sures due each tie. This was called the “Principle 
Similarly, the pressure any point the ballast beneath footing may 
considered due the combined effects the pressures applied parts 
the foundation area. The pressures these partial areas are not generally 
parallel the applied load; nor the intensity pressure the same ‘at all 

Engineering Record, Vol. 73, No. January 22, 1916, 106. 
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parts the area the footing. edge the footing ballast 
less restrained and hence the wedging action the granular mass causes 
flow. The effect the flow twofold: (a) The ballast 
and, therefore, ¢arries less pressure; and (b) the lateral flow fric- 
tional component causing the applied pressure inclined. The intensity 
pressure part the foundation area becomes greater and the inclina- 
tion the applied pressures generally becomes less the nearer the part 
the area the axis the applied load. The flow the granular mass 
away from the center the plate shown heavy radial scratches the 
bottom the circular cast-iron plates used some the experiments. 
the experiments made for the Special Committee Stresses Railroad 
Track*, heavily loaded railroad ties rock ballast were sometimes torn 
two the frictional forces developed. The flow the sand during sud- 
den failure the ballast beneath loaded plate strikingly shown illustra- 
tions given that 

The distribution pressure granular mass most easily compre- 
force magnetic field. load of, say, 100 applied granular 
mass, then every horizontal plane below. the there must 
added pressure 100 lb. the distribution the-vertical pressure 
number horizontal planes different depths, 100 diverging lines may 
drawn, each which represents pressure. regions high inten- 
sity pressure the lines are close each other. If, for example, the pressure 
lb. sq. in. one the horizontal planes then there will 
lines passing through that square inch, The lines spread the distance down- 
ward increases. subdividing footing small areas the 
direction and the intensity pressure are nearly constant, bundle “lines 
pressure” may drawn for each the areas and, the principle 
superposition, the intensity pressure any square inch horizontal 
plane may found counting the number lines passing through that 
square inch and multiplying the number thus found the number pounds 
each line represents. 

Lines pressure for 8-in. tie, are illustrated the Seeond Progress 
Report the Special Committee Stresses The lines 
cross, indicating concentration pressure depth in. below the 
tie (found 163% the average pressure experiment). Below depth 
of, say in., the pressure the ballast beneath the edge.of the tie, and out- 
ward, mostly due the load applied the opposite side the tie. 
may stated that the lines pressure should probably slightly curved, 
although empirical equation equivalent straight “lines pressure” 
results very good agreement with the results experiments for depths 


Loc. cit., 1572. 
Loc. cit., 1577, Fig. 100. 
Loc. cit., 1575, Table 19. 
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The hypothesis “lines pressure” seems have remained unnoticed, 
desirable call attention its value helping explain 
the laws which govern the distribution pressure through granular material. 

The profession greatly indebted Professor Terzaghi for the new light 
has thrown very difficult subject. The classification clays their 
relations, “permeability”, and “shearing 
important advance over previous attempts which based the classification 
color, grain size, water content, colloid content, etc. 

The use remixed material for determining “load-volume” relation and 
measuring “permeability” open the objection that the results not 
apply the undisturbed material. For example, tests made clay beneath 
the foundation the Materials Testing Laboratory now being constructed 
the University Illinois, was found that the water content the undis- 
turbed material was the, that which corresponded pressure 
more than 5000 Ib. per sq. ft. the remixed material. The samples were 
taken depths about and ft. below the original surface where the 
pressures were, therefore, only few hundred pounds per square foot. Both 
samples were taken below the water-table the time sampling, and the 
lower one was below the lowest water-table. Undisturbed clays probably have 
their flat, mica-like particles oriented such way that the voids are less 
than the remixed material. 

Methods should deyised for obtaining undisturbed samples for all the 
tests. This very difficult even under the most favorable conditions and 
seems almost impossible the case material great depths. 

the Red River Valley Minnesota, North Dakota, and Canada, there 
widespread, deep bed clay which there have been many foundation 
failures. has been found that buildings near railroad tracks have settled 
much more than similar buildings distance from the tracks, due the 
jarring action heavily loaded trains increasing the instability the clay 
mass. 

Mr. Albert Jorgensen, who has been making experiments soil mechanics 
under the direction the writer, makes the interesting suggestion that the 
distribution pressure.in clay beneath footings may determined experi- 
large water-tight box with thin layer sand the bottom and the sides. 
model the particular footing tested then placed and loaded. 
The surface the clay covered with water. The pressure the 
footing will cause the water the clay flow away from the parts having the 
greatest intensity pressure. When sufficient time has elapsed reach the 
equilibrium condition, small samples are taken various points the 
mass beneath the footing and their water contents determined. From the 
curve the particular clay the water contents deter- 
mined may translated into the intensities pressure the clay the 
places from which the samples were taken. Measurements the settlement 
the footing, its parts, could also taken. recognized that the box 
would have large size the effect the boundaries the 

distribution pressure. 
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ALBERT (by paper appeals one who has 
studied thoroughly because shows that the author actually took some 
great difference between the mechanical behavior sands and clays: and that 
clays vary greatly among themselves. 

The capillary pressure the water the multitudinous, very 
given clay under given conditions and under given pressure. 
one the outstanding differences between sands ‘and phrase, 
“under given conditions”, significant. The volume portion clay 
clay. 
certain per sq. ft., for instance), assumes 
definite for that for the given pressure and the the test. 
Under the same pressure but after having first been loaded per 
sq. ft., the same clay might occupy volume. instance, 
sample the same made sustain pressure equal but after 
having sustained larger pressure the volume smaller. Expressed 
differently, the pressure-moisture tests show that the volume given 
pressure depends whether that pressure has been reached after positive 
compression only after the clay has become re-saturated 
greater compression. The volume also depends the intensity the pres- 
sure attained before re-saturation was commenced the times 
the clay has been compressed and re-saturated. 

simulate actual conditions the field; they may applied the capillary 
pressure the water which assumes enormous values the sample dried. 
Partly drying sample would affect the clay degree comparable that 
caused pressure which would produce the same change volume, 

Clay and mud beds, with the possible exception delta and lacus- 
trine deposits, have been subjected unknown pressures and possibly may 
have been partly dried and re-saturated several times. 

For these reasons bed clay below the level ground-water apt 
found dryer than could explained the existent pressure. For instance, 
the soil taken from beneath the location footing the site certain 
building was found dryer even than the average unit pressure the build- 
ing would cause become. This soil was several feet below the level 
ground-water. The pressure-moisture test, this case least, indicated that 
the soil had been compressed either weight capillary pressure. 

The question then arises, to. what the value load-moisture tests 
such cases. This would answered methods sampling and technique 
for making tests the soil its original condition were hand, but such 
methods not seem forthcoming. 


Instr., Dept. Gen. Eng. Drawing, Illinois, Urbana, 
Received the Secretary, November 1928. 
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The next question which naturally arises is, “How may the tests 
disturbed samples which will give fair measurement the condition 
the undisturbed soil 

The writer believes that load-moisture test performed follows, would 
give results which would aid greatly formulating practical judgments con- 
cerning settlements due change volume the soil. Wet some the soil 
condition near its lower liquid limit and compress cylinder means 
piston. The soil should rest solid filter which will allow the water 
pass and from the soil the pressure varied. Compress the soil 
such point (Point Fig. 49) that when the pressure reduced (that 
pressure imposed the soil place), the moisture content will equal that 
the soil place (Point a). This would require nicety testing and could 


probably attained only after several trials. Then compress the soil any 
desired degree. 


o 
3 
c 
o 
o 
a 


Pressure 
Fre. 49. 


The writer believes that the curve, cd, obtained, would accurate 
enough basis for practical judgments. might have more value 
obtained after several compressions and re-saturations. 

order apply pressure-moisture curve aid estimating settlement, 
necessary know the distribution and intensity pressures which exist 
under foundations. Tests Enger, Am. Soc. E.,* and Messrs. 
Goldbeck,+ and indicate that the pressures are far from 
uniform and may have values several times the average unit pressure. 

Engineering Record, Vol. 73, 106. 


Proceedings, Am. Soc. for Testing Materials, 1917. 
Engineering Record, May 30, 1914 and March 13, 1915. 
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FLOOD CONTROL WITH SPECIAL REFERENCE THE 
MISSISSIPPI RIVER 


SYMPOSIUM 


opening address the Symposium, its object was determine “in the fur- 
ther control the river, what extent Shall levees, dredging, reservoirs, 
spillways, floodways, and other safety measures used.” The papers pre- 
sented furnish many data the subject, and numerous 
opinion. 

Prior the flood 1927, the Mississippi River Commission attempted 
solve fairly simple problem: was the best means controlling the 
greatest flood that had then occurred the Mississippi The Com- 
mission had definite standard, the flood 1882, which exceeded all those 
that had been recorded during period 142 years, and arrived the 
that levee line computed grade was the cheapest method 
regulating such flood. 

The flood 1927, far exceeding that 1882, has established new stand- 
ard; and this has not been devoted solution the problem 
thus created, but determination the best methods controlling any 
flood which may occur. There precedent which can used pre- 
diction the greatest possible flood. Its determination depends the mental 


Discussion the Symposium Flood Control with Special Reference the Mississippi 
River, continued from December, 1928, Proceedings. 


Authors’ closures. 

Received the Secretary, 1928. 
Proceedings, Am. Soc. E., December, 1927, Papers and Discussions, 2452. 
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Papers 
peculiarities the one who makes the prediction. Mathematics affords 
excellent method deducing conclusions from known premises, but when 

has been clearly demonstrated the excessive ‘rainfall which 
occurred the lower valley during the flood 1927, the average discharge 
curves determined from preceding floods, gave too great results, and that the 


would practicable adjust those factors the conditions which existed 
1927, but when comes substituting for the observed maximum discharge 
1800000 sec-ft. Cairo, Ill., during the 1927, such figures 
and mathematical data this Symposium indicate 
that standard can established, for, determining what will the charac- 
tions 
teristics the greatest flood which can occur. Under such conditions 

most logical proposition which has been advanced return grade line 
similar that originally proposed the ft. above the heights The 

attained the flood 1927, with spillways relieve local conditions below 
only 
the mouth River; and by, suitable means guide the hand 
for his interpretation rainfall data. discussion the causes able 
the spring rains 1927 excellent,.and constitutes very valuable con- 
tribution the meteorological history the great flood of, that year. 
effects forests factors the prevention floods the rivers, and any 
more especially the influence the water content the soil its absorp- that 
tive capacity. The controlling influence the cannot doubted, 
and knowledge its character has always constituted fundamental element 
river-stage forecasting. 
the matter rainfall records has been another connection that bus 
different stations the same region, records are made different times nee 
the day”. This statement only partly correct. The river-stage and 
rainfall records that are directly used the River and Flood Service the 
Weather Bureau are made approximately the same hour throughout ber 
the country, with the exception the districts west the Rocky Mountains, the 

where they are about two hours later, although uniform hour. The 
general statement applies about 200 regular and about 900 special stations, 
Meteorologist Chg. River and Flood Div., Weather Bureau, Washington, 

Received the Secretary, September 15, 1928. 
Proceedings, Am. Soc. E., April, 1928, Papers and Discussions, 1260. 
Loc. cit., 1266. 
Discussion the Progress Report the Special Committee Flood Protection Data. 


Arthur Morgan, Am. Soc. E., Proceedings, Am. Soc. E., May, 1928, Papers and 
Discussions, 1663. 


ers, 


FRANKENFIELD MISSISSIPPI RIVER FLOOD CONTROL 101 


rather small number must admitted, but the under 
existing Other special with stations 
also make rainfall measurements the same morning 
special stations, known Olimatological Stations, where 
measurements are made each. day about 

and ending precipitation should recorded largely ignored, it, may, 
stated that these times beginning and ending are accurately and fully 
recorded the principal Bureau stations, and special observers are 
not and ‘deliberately ignore their duties, but 
form the service expected them the best ability. These are condi- 
tions which the Weather Bureau overcome completely 
possible, nevertheless, they are incidental the co-operative nature 
the personnel, who reality render highly valuable service small expense. 
The except the regular stations, are paid 
only few dollars per month, and they can neither driven, nor reprimanded 
for their shortcomings. Attempts these directions are followed many 
instances prompt resignations and inability. obtain. successors. 
over, many isolated places, the mental attainments observers are not 
equal the correct, keeping records, although invariably are 
read river gauge and measure. rainfall correctly.. 

accordance with engineering. needs”, the answer made 
that the Weather, has receive from the Engineering Profession 
that any suggestions from such sources will given most careful 
pathetic consideration, and will adopted within the physical capacity the 
Bureau. 

One further that. hydro-electric are with 
river and rain gauges necessary adjuncts the proper conduct their 
business. Why cannot other lines activity involving engi- 
neering some form other and furnish copies their records 
their own forms the Weather Bureau for preservation and future use 
those The individual will small and the resulting 
benefits mutual. Again, bridge course construction, why cannot 
the builders install river gauge with its zero set the bed the river, 
the bottom flowing water, and its elevation determined reference 
recognized bench-mark? This sometimes done, and the gauges need not 
detract from the architectural effect in. any way. 

The problem effective flood control attacked from every possible 
angle, and its proper solution will best constructive 
the engineer. The preliminary work involves the gathering and. 


Proceedings, Am. Soc. May, 1928, Papers Discussions, 
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great many data relating precipitation and river stages, many which groun 
the Weather Bureau now furnishing. The need for these data pro- also 
tective measure will continue during the period active construction work, took 
the value precise river forecasting will evident require itself. 
elaboration here. 

conclusion, the writer desires emphasize the point that for the proper for 
conduct flood-control work whole more river-gauging stations and many made 
more rainfall stations are absolutely needed, and every effort should made prom 
provide them. that 

some the facts presented the writer’s summary flood 
the absorptive capacity litter conforms closely with available records. 
However, the fact should made clear again that this absorptive capacity 
litter does not include the duff and humus which may formed beneath the depe: 
litter some types forest. Moreover, the forest floor owes its water storage 
capacity the porous and loose condition the forest soil induced frost 

and biotic agencies under the protection the forest litter. The water 

storage capacity the litter itself minor part the capacity that 
the forest floor. 
The place for not good land nor good 
pasture land, and ride through any the hill sections the Ohio Valley ness 

will convince the most skeptical that there are thousands acres that are advi 

not now cultivated nor pastured where the cover vegetation too thin led 

protect the soil from washing. These acres are sources silt which filling Fed 

the stream channels and reservoirs, creating engineering problems, while the 

hill land being eroded into the waste-land class. Delay restoring timber the 

cover will continue reduce the possible returns from forest use this land. expe 

While good sod cover doubtless suitable means for checking erosion, ities 
the fact must not overlooked that such cover can maintained with 

difficulty steep and once the soil exposed, erosion may make the 
restoration sod cover expensive undertaking. the 

the studies the Reservoir Board appointed the Chief Engineers, 
Army, and which the writer was Chairman, could not have been completed 
before this paper was presented October, 1927. However, the results those 
studies were published** shortly after that date and were used some those ing 
discussing the paper. appears proper, therefore, consider them hat 
Director, Central States Forest Experiment Station, Forest Service, Columbus dit 

Received the Secretary, October 1928. use 

Proceedings, Am. Soc. April, 1928, Papers and. 1266. 
Loc, cit., December, 1927, Papers and Discussions, 2511. 
Corps Engrs., A.; Vice-Pres., Buffalo, Niagara Power Corp., 
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‘Considerable; criticism has been launched against those studies, 
ground that they are inadequate upon incomplete data. have 
also been attacked the ground that the Corps Engineers long ago 
took stand against reservoirs and could not now expected reverse 
itself. 

regard the first criticism, claim for great accuracy has been made 
for the studies. They were more than preliminary surveys, such are 
made most business concerns determine whether projects offer sufficient 
promise justify the expense accurate surveys. claimed, however, 
that they were efficiently and honestly made such way that the probable 
errors would favor the reservoirs. Had they shown any reservoirs that offered 
even remote chance economical use part the Mississippi 
flood problem, accurate complete surveys thereof would have been recom- 
mended. claim made that all possible reservoirs were considered, but 
the cheapest and most effective ones that were found, cost much more for 
dependable results than the floodway plan recommended the Chief Engi- 
neers, that there reasonable hope that undiscovered, reservoirs might 
overcome this difference cost. There seems growing element 
this country that considers the United States. Treasury inexhaustible and 
that believes the Federal Government belittling itself far behind 
these scientific times when proceeds along the lines that have been proved 
sound years experience not only the Government service, but busi- 
ness organizations. this element that most liberal with volunteer 
advice. Engineering societies should wary permitting themselves 
led the earnestness and eloquence such advisers into advocating for the 
Federal Government unwarranted expenditures, economically unsound pro- 
jects, the discard proven organization. The writer convinced that 
the preliminary surveys made are sufficient justify the conclusion that the 
expense and delay necessary for more accurate surveys possibil- 
ities for Mississippi floods are not warranted, and that conviction was finally 


shared Congressional Committee with predisposition for reservoirs. 


regard the second criticism, during thirty years experience 
the Corps Engineers, the writer has never encountered case where pride 
Corps has affected the professional. judgment the members the. Corps. 
the other hand, such the Corps has, its success upbuild- 
ing its professional proficiency and integrity. The officers the Corps are 
different from other engineers. They are trained seek facts and 
form independent judgment therefrom and are never backward about express- 
ing differences opinion with each other. The fact that heretofore they 
have independently but uniformly reached conclusion against reservoirs 
cure Mississippi floods fairly good guaranty that the con- 
ditions that have existed the present, reservoirs could not economically 
used relieve the Mississippi 

Mr. Hall* makes the statement that, 

“To eliminate the damage caused flood only necessary reduce 
eliminate the crest sufficiently; or, other words, temporarily 
Proceedings, Am. Soc, E., August, 1928, Papers and Discussions, 1855. 
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detain reservoirs that volume water which would above the flood 
stage designated the Weather Bureau.” 

Several others have made similar statements the writer conveying the 
idea that, approached from this angle, the quantity water involved 
surprisingly small. It, therefore, seems pertinent give some data 
the size the Mississippi flood waves. inspection the 


1922 and 1927 the Mississippi Valley, when the flood was above ‘the 
danger stage for about days, should convince any reasonable person 

stage the possible maximum the Mississippi River 
great. For illustration, the curves Figs. 63, 3250 
designated “Superflood 1922 Type” Cairo, Arkansas City, 
and Vicksburg, Miss., These curved similar shape 
the 1922 hydrographs, but have the maximum discharge increased 000 


ft. per sec. with the Arkansas and White River floods 1927 
added. The floodway the Chief Engineers care flood 
dimensions. 


Thousands of Cu 


1700 
Here 
syste 
plete 

present (1914) levee grades, the danger stages are: the 
ft.; Arkansas City, 60.5 ft.; and ft. The discharges can 
the river danger stages vary considerably, but for flood the kind sive 
assumed they have been taken be: Cairo, 1810 000 cu. ft. per Arkansas 
City, 000 cu. ft. per sec.; and Vicksburg, cu. ft. sec. rive 
flood the shown these curves would above the stages, 
follows: 
Arkansas days with 41000000 acre-ft. witl 
Vicksburg -60 days with 000 acre-ft. 
‘Nature provided the Mississippi River with flood channel adequate for the 
its needs. Man has found profitable take away from the river part its gre 
flood channel. The question now solved is, “How much this flood will 
when all the land belonged the Federal Government would have been wil 
much less complicated, because then benefits one place would automatically 
offset damages another place. Solution that time was out the ques- ple 
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The progressive the river between ‘has naturally been 
Heretofore, the funds available for flood protection have never been sufficient 
provide more than the partial protection afforded present levee 
Property values and population have now reached point 
plete protection demanded, and can financed. 

There general agreement regardless cost, pres- 
ent levee heights certain parts the river not increased. 
the other hand, additional channel capacity essential unless the flood flows 
can greatly reservoir The studies made show conclu- 
sively that very much more economical to’ provide additional channel 
capacity using part the natural flood channels formerly used the 
river than provide sufficient storage make the present leveed channels 
adequate. 

The development such channels principal element plan 
recommended the Chief Engineers, and adopted Congress. The lands 
within these floodways will everflowed more often than they have ‘been 
the past. Theoretically, therefore, their value should not affected. 
the other hand, they could protected from overflow, their value would 
greatly enhanced. expected that the owners land the floodways 
will feel discriminated against because they are the only land owners the 
valley not directly benefited fact, there are already indications that they 
will organize protest. Whatever the equities their case, ‘nothing should 
permitted interfere with the development adequate floodways, sup- 
plement the leveed channels. 
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These floodways constitute the only safeguard for the remainder the come 
valley that can developed within reasonable time and, the probl 
opinion, they are the most essential part the solution the flood problem. 
they are provided adequate width, the flood problem can solved 
promptly and economically; without them, economical solution possible. can 
should noted that this discussion confined flood control the 
Mississippi Valley and does not apply the very different problem flood lack 
control the tributaries the Mississippi. 
single engineering work now under construction Europe reclamation 
the Zuider Zee. person examining the project impressed with the 
ability and thoroughness with which every phase this great problem prov 


treated. 

former years there were marked differences opinion proper furn 
methods, for the project complicated, and the order magnitude the 
Panama Canal. To-day, however, there substantial consensus opinion Miss 
the proper plans. This agreement has been reached, not through adminis- imp! 
trative discipline divergent views, but such thorough working out ards 
the problem that the essentially best solution generally and 
approved. 

The Mississippi flood control has brought clearly into view dard 
the fact. that among representative engineers there general ques 
the best solution this great problem. The conflicts opinion not mea 
relate simply details, nor are they confined members 
the Engineering Profession. They affect every significant phase the 
problem, and they are held engineers every degree standing and 
experience. 

More than that, the orthodox and official program protection, which 
was held and vigorously defended for half century being the only method 
considered, was suddenly abandoned result the 1927 flood. tot 
Except for the spillway studies about New Orleans, La., this sudden change 
was caused the 1927 flood, and did not otherwise follow any marked sudden 
increase engineering understanding the problem. desi 

fundamental was this change plan that required absolute 
reversal policy main issues. For instance, the closing the Tensas the 
River Basin from the Mississippi was part deliberately matured policy 
half century, during which, according the officials charge the Missis- this 
sippi, that stream “was more thoroughly studied and understood than any 
other great river the history the world.” The sudden change from this 
long-continued policy requires the undoing the recently completed closure tim 
near the mouth the Arkansas River, and the use the Tensas Basin the 
chief relief channel the Mississippi. 

There consensus engineering opinion the proper methods 
used controlling the Mississippi River. The present unity policy has 


Pres., Coll.; Pres., Dayton Morgan Co., Dayton, 
Received the October 18, 1928. 
Proceedings, Am. Soc. E., December, 1927, Papers and Discussions, 2451 seq. 
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come administrative discipline and not analysis and clarification the 

Where such divergent views are found concerning great problem which 
engineers have given much attention over long period; the lack unity 
can explained only two ways—either the problem inherently dif- 
ficult that few engineers are capable it, else there 
lack the essential data which intelligent based. 

The writer believes that this latter explanation the true one. For 
nearly fifty years the doctrine “levees only” was held the officials 
charge the only true faith, and, while larger amount data was collected, 
was with that particular plan view, and many the data necessary 
provide adequate criticism that and all other plans, were not developed. 

The hurried study made after the 1927 flood could not any possibility 
furnish adequate basis for the best treatment the problem. The study 
Mississippi water-shed the course three four months with hastily 
staff, was necessary provide some general and arbitrary stand- 
ards for measuring the value reservoir Colonel Kelly* has described 
briefly what these standards are. 

the study any particular reservoir the use arbitrary stan- 
dards would result failure find the true possibilities the reservoir 
question. multiply inaccurate analysis hundred times and take the 
mean result representative, not dependable. 

Diseussing this point, 


“What Colonel Kelly calls dependable operation reservoirs, 
storage uniform rate for period days, entirely irrespective 
flood conditions any other tributaries, any other existing This 
perhaps the least efficient system operation that can imagined and still 
system rational control. seems probable that reservoirs close 
the region protected, can operated three times efficiently.” 


Woodward, both technical training and practical experience, for the 
design reservoirs, the writer believes that this quotation 
responsible and qualified statement the value the studies referred 
the basis for determining great 

The erroneous basis for calculating use only one the limitations 
this study. The sites for reservoirs, the best dam sites, and the 
most efficient depth storage, can discovered and determined only 
degree thorough examination wholly beyond the possibilities the limited 
time and personnel provided for this study.. 

The writer believes that adequate study reservoir possibilities the 
main tributaries the Mississippi still made, and that introduce 
into the creed Mississippi flood control the doctrine that reservoirs are not 
feasible, would premature. 


Proceedings, Am. Soc. December, 1927, Papers and Discussions, 2525. 
Loc. cit., April, 1928, Papers and Discussions, 1271. 
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Specifically, believes that: there strong probability that 
000 000 acre-ft. storage possible the Ohio tributaries, 
and development even part remove the need 
for the floodway which the present Army plan, and, 
over that established before. navigation requirements. 
methods. 

substantially the words Mr. Maltby,* 

built standard height based the flood 1912-13. 
does not seem that the engineers any great error 

every engineer knows who has studiéd ‘the the 
been built fully standard. Statements like ‘that quoted, 
sent questionable type defense. 

The writer would like also refer thé Mr. 


“The writer particularly ‘Mr. Morgan’s paper. case 
makes against the Commission seems just little bit too plausible. For 
example, quotes the President having stated 1912 
that $73 was ample all the remaining necessary the 
levee system. This doubt correct statement majority opinion, but the 
writer happens recall the individual estimate civilian member 
$250 000 000. 

“This circumstance would’ blunt the point Mr. Morgan’s sweep- 
ing denunciation one score least and leads the belief that perhaps 
other scores would similarly relieved harshness all the pertinent details 
were known. The impression blind ‘ancestor worship’ 
Mx. Morgan the outstanding trait the Commission personnel seems 
that the Commission failed apply 1927 methods the pre- 
ceding century.” 


The writer made examination the writings the 
Army engineers and members the Mississippi River Commission during 
the past fifty years, they appear the Transactions the Society, Engi- 
neering News, The Engineering Record, Engineering News-Record, and 
the estimates many the Annual the Chief Engineers during 
that period. The figures quoted are the representative; public statements 
these officials, reported publiely and officially from year higher 
estimate these officials was found this search omitted from the writer’s 
original paper. What members the Commission may have said corre- 


Proceedings, Am. January, 1928, Papers and Discussions, 189. 
Loc. cit., March, 1928, Papers and Discussions, 902. 
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spondence conversation, the writer, course, does not know. The estimates 
quoted are those which Congress, the public, and the Engineering Profession 
were asked accept reliable the authority the officials charge this 
work. statement that quoted leads one wonder whether the 
time there the same divergence between the public and official esti- 
mates used for securing appropriations, and the private opinions those most 
familiar with the problem. 

not Mr. Ayres points out, that the majority the 
Mississippi River Commission—composed Army engineers—should more 
than 300% error their estimates, when minority 


‘the Commission had the basis for estimate more than three times large, 


and comparatively adequate? Mr. Ayres’ remark applying 1927 
methods the problem the preceding century, not foresight the very 
essence engineering? The Mississippi River Commission made the flood 
1912 its standard protected against, and then announced repeatedly 
and unqualifiedly its official that the completion that 
standard would furnish complete protection from maximum 
vast 
Mr. Ayres further 


“Tt would seem almost self-evident that the first step the 
any scientific problem the collection adequate and indisputable facts; 
yet this basic phase the Mississippi question’ has been undeniably neglected 
under pressure legislation. and limited funds. 
Lack conclusive information doubtless explains measure the diver- 
gence opinion regrettably apparent, but for this, any indictment the 
Mississippi River Commission must leveled the entire profession.” 


Appropriations for securing the necessary information have been repeat- 
edly introduced into Congress, and have been defeated the objection 
the Chief Engineers the grounds that adequate information avail- 


‘that, “There uncertainty the outlay that will make 


the levees safe for complete flood control not excep- 
tional statement, but representative the attitude the Commission. 
The fight secure hydraulic laboratory another case point. Europe, 
the hydraulic laboratory has become fully accepted essential method 
for the study hydraulic problems every size, yet the establishment 
National hydraulic laboratory has been vigorously contested and for years 
definitely prevented the Army engineers the ground that would 
useless aid solving the Mississippi flood problem. Only after con- 
tinued and constantly increasing pressure has been exerted civilian engi- 
neers favor hydraulic laboratory one now being established. 

Army engineers and the Mississippi River Commission practice 
have held the purse strings, have dictated the policies, and have spent large 
‘sums certain types inquiries: They have definitely declined the co- 
operation the whole, tendered through the Society. 


Proceedings, Am. Soc. E., March, 1928, Papers and Discussions, 903. 
Transactions, Am. Soc. E., Vol. LXXXV (1922), 1479. 
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Such course would relieve the need for any further present levee 
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keen appreciation the need for fundamental data those 
charge the work course, precede any prospect for appropriations. 
view the Mississippi River Commission and 
the Army engineers that the data were sufficient for the solution the 
problem, the lack adequate study cannot attributed the “pressure 
restricted legislation and limited funds,” “be leveled the entire 
profession.” 

The writer has seen discussion Symposium the difficulties 
involved constructing and maintaining the Tensas-Black River floodway 
from the Arkansas River the This area almost everywhere densely 
overgrown with trees, brush, vines, and cane, less dense than the jungles 
Panama. the area left uncleared, its capacity for flood flow will dis- 
appointingly small unless very wide area flooded, with corresponding 
damages. 

this floodway cleared, leveled, and that can mowed 
with machines, that work will cost 000 $200 000 000, perhaps 
more. roughly cleared and not maintained, the cost might 
cut two, but single growing season will reproduce young jungle with 
flow conditions not much better than before. clear hand each year, 
removing the year’s growth willows and other brush, would entail annual 
cost probably more than 000 000 for strip miles wide and 300: miles 
long. 

maintain the surface this area pasturing, after 
works had been constructed throughout its length, would require 1000 000 
000 cattle. Any treatment this floodway will expensive far beyond 
any present estimate. The writer that the present floodway plans will 
gradually develop realization difficulties that will involve the National 
Government maze damage claims and expense that not now foreseen. 

careful economic survey, such should have preceded the adoption 
any far-flung plan, might have proved the economy abandoning most the 
levee system the west side the river Louisiana above Natchez, Miss., 
protecting the relatively small area prosperous cultivation near Vicksburg, 
Miss., and paying damages for all other cultivated land for which protection 


construction from the Arkansas River the Gulf, and would enormously 
simplify the whole problem. 

This step, combined with few large dams the Ohio River, might 
complete the reclamation for the next half century. The writer would the 
last advise such program, any final program, not based adequate 
study. 

Mississippi flood control one the greatest hydraulic engineering 
problems the world. Never was Government better able, financially, 
master such problem. Summary and arbitrary administrative methods may 
necessary meet present emergencies, prevent raids the Treasury for 
impracticable schemes all parts the great water-shed, and maintain the 
professional prestige the organization long control policies the 
Mississippi. 
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When those emergencies are met, however, not due the territory 
affected, the American public, and the Engineering that thorough- 
going, inclusive, and masterly study made the Mississippi problem, draw- 
ing the entire engineering resources the country, insure that 
Mississippi flood control will not muddled through the sheer weight 
political power and public money, but shall planned and executed 
stand permanently engineering 


Am. Soc. (by writer was deeply 
gratified find the views expressed the Symposium largely confirmed the 
engineering report made Congress the Chief Engineers, Army, 
early December, 

engineer who has reasonable grasp the Mississippi River problem 
will question the desirability further intensive study, the necessity 
collecting hydraulic and physical data connection therewith. The 
writer firmly convinced, however, that sufficient studies have been made, 
and that enough data are now available, order determine the basic 
fundamental considerations plan for the control floods the Missis- 
sippi from Cairo, the Gulf, without further delay. evident that 
more adequate levees, compensating diversions, and bank stabilization are the 
three measures which, constitute the most economical and most efficient method 
flood protection. 

While the writer advocated} spillway below New Orleans, La., cau- 
tioned against permitting velocities greater than those obtained through New 
Orleans Harbor after the Caernarvon break the spring 1927. Since that 
time, enough data have been obtained indicating serious and threatening 
scouring various points, due velocity nearly ft. per sec. This dis- 
turbance the banks viewed with alarm, and the writer, therefore, has com- 
pletely endorsed the alternative suggested the Chief Engineers, namely, 
the diversion 1500000 sec-ft. through the Atchafalaya Basin and the 
construction spillway above New Orleans Bonnet Carre. 

plan would prevent the river from rising above the 20-ft. stage the 
Carrollton gauge New Orleans, even for super-flood sec-ft. 
reaching the latitude Old River, and would eliminate the objectionable 
velocities along the river front New Orleans. 


one matter connected with determination the rate discharge the peak 
flood which does not appear have received sufficient attention the past. 


For example, period about ten days between the time flood 


crests and the time the arrival the peak the flood New 
Orleans, La. sudden rise Cairo taken into account, may nearly, 
not quite, ten days before the effect this rise begins felt New 
Orleans. the meantime what has become the water which, during these 
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ten days, has been added the original flow the the upper 

The answer simple. The entire excess the 
normal flow the river, the end the ten days, must temporary 
storage, either the river channel the basins which receive its overflow 
points between Cairo and New Orleans. obvious that the river 
New Orleans remains high longer under the influence up-river flood 
wave than Cairo. This must so, because the river will remain relatively 
high during the time which takes the channel above New Orleans 


_discharge the water temporarily stored therein. follows, from this consider- 


ation, that channel storage important factor taken into account 
when the effect flood from tributary from up-river parts the water- 
shed the rate flow some down-stream point determined. The 
writer has discussed this effect before* and, therefore, that analysis need not 
repeated, but its application such situations that the Missis- 
sippi cannot fail show the need large facilities for channel storage 
rivers which have long course through broad valleys comparatively slight 
fall. the Mississippi River, for example, facilities for water storage must 
provided below Cairo either between river levees, overflow basins, 
so-called by-pass channels. the Sacramento Valley, California, by-pass 
areas have replaced the natural overflow basins. other words, the temporary 
storage between levees must provided quantity that will cut down 
the river peak discharge channel capacity, that is, capacity highest 
permissible water levels between levees; alternative, the discharge 
the river excess such capacity must allowed 

Much has been said this Symposium, and the discussions thereon, 
relating the effect reforestation and the benefits that might derived 
from partial flood control storage reservoirs. conclusive demonstra- 
tion any dependable favorable effect reforestation can hoped for, and, 
consequence, should assumed, for the present least, that benefit 
therefrom prospect. many cases, reservoirs are very effective equal- 
izing stream flow, thereby cutting down the peak discharge and aiding the 
prevention disastrous high river stages. frequently happens, however, 
the case the Mississippi River, that great floods result from heavy 
rainfall comparatively small area the river’s water-shed. such 
cases, reservoirs that may adequate cut down reasonable proportions 
the discharge from other parts the water-shed, may but little 
help the solution the flood-control problem. such those 
the Colorado River, where large storage far down the stream will make 
possible complete control the flow from the upper river and its upper tribu- 
taries, are rare. However, even the case the Colorado River—despite 
the contemplated regulation discharge storage Reservoir—the 
section below Yuma, Ariz., may extreme flood stages rare occasions, 
did 1905, reason heavy rainfall throughout the water-shed the 
Gila River, which enters the Colorado River Yuma. 
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The writer refers these matters only emphasize the fact well known 
the river hydraulician that general laws the subject can find 
application. Each river system requires special study. 

Very little attention has been given the discussion the Symposium 
the economical aspects the problems involved. consideration these 
usually quite important the solution the engineering problems. Thus, 
for attention must given, when planning works for the reduction 
river’s peak stage, the cost acquiring rights way, flowage rights, 
against that absolute ownership the affected areas. The writer 
the opinion that mistake was made California where rights were 
purchased flood will the so-called by-pass areas. All lands required for 
submergence, such the submersible lands retarding basins 
and by-passes, should owned the public. the inundation such 
lands periodical only they may yet available for planting 
certain crops, and can leased for such purposes. the other hand, 
privately owned, there will always more less uncertainty the atti- 
tude the owner, particularly the functioning the flood-gates, movable 
sections weirs, etc., not absolutely automatic and unchangeable. Where 
human judgment must determine the period during which water should 
allowed escape from river, for example, into by-pass into retarding 
basin, the possibility land owner claiming damages reason error 
judgment should forestalled, This can done only eliminating private 
ownership. 


(by letter).t—The various discussions this paper have contained numerous 
interesting and useful suggestions. The writers tried deduce unprej- 
udiced and impartial manner the most complete and reliable conclusions that 
could drawn from the data that were available them, but evident 
that the subject not exhausted. hoped that the accumulation 
data will enable still more complete and convincing studies made. 

Mr. Moyer’s forecasting future frequencies phenomena 
like rainfall and run-off shows the possibilities mathematical analysis 
this direction, but his empirical methods are too intricate followed 
readily most readers, that some further discussion fundamental 
elementary principles seems warranted. 

Frequency Probability Recurrence Phenomenon.—Using annual 
rainfall records for the purpose illustration, suppose records for consecu- 
tive years are available. these are arranged order size and are 
bered—the smallest, the next, last and largest will 12. 

No. having once years may said, according this 
record, have probability recurring once years, have fre- 
quency years. 

Similarly, might said that No. has been reached exceeded twice 
years, and has frequency years. Likewise, No. would have 
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years. 


The general formula* for obtaining the frequency corresponding any 
value is: 


Equation (8) seems fairly simple, but further consideration. 
While No. has been reached exceeded the average once every years, 
could also said that No. has been exceeded six times the years, 
the average once every years. With this significance: 
For some uses the latter significance frequency might the one desired 
other cases, the former. Therefore, the range, band, strip, between 
No. and No. there certain ambiguity vagueness meaning. 
Suppose that the record becomes ten times long. For each the orig- 
inal single recorded values there are now ten recorded values. These will not 
identical, but will spread over the bands strips between the original 
values the 12-year record. Some the new values will smaller than the 
least the original twelve records, and some will larger than the greatest. 
all the new values are arranged order and desired find the value 
the sixtieth and sixty-first recorded value. The range discrepancy now will 
only one-tenth what was before. evident that the length 
record increases the discrepancy approaches zero. This suggests the question: 


Can corresponding value for this final frequency obtained from the orig- 
inal brief record 


assumed that the original recorded values are well distributed 
that each truly represents the middle value corresponding its possible range, 


and probably this assumption reasonable any, then easily seen 
that the formula for frequency becomes, 


Using, again, the original illustration 12-year record, Equation (10) 
gives, for the sixth record, 1.85, and for the seventh record, 2.18. 
The fact that Equations (8), (9), and (10) are all different mathematically, 
due part differences definition the meaning the word, fre- 
quency, and part differences assumptions the occurrence nat- 
ural phenomena. Each these equations may satisfactory for use some 
Which one should chosen any particular case largely 
matter individual preference judgment. The writers prefer Equation 
(10) for ordinary use. Mr. Moyer has evolved still another slightly different 
form equation, (Equation (1)+). All these different equations give prac- 
notation, see Proceedings, Am. Soc. E., August, 1928, Papers and Discussions, 


Proceedings, Am. Soc. E., August, 1928, Papers and Discussions, 1847. 
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tically the same for small values approaches how- 
ever, the different values obtained for may vary considerable amount. 
For example, Table 39,* the values for obtained from Equation 
differ less than from Mr. Moyer’s values, except for the last two 
lines each part the table. For Line the first part Table 39, Equa- 
tion (10) gives value for instead the value, 15, Table 39; for 
Line the second part the table, Equation (10) gives instead the 
the table. just the last values the table which are known 
variations form that might assumed for the empirical equation for 
and the present state engineering knowledge there method 
demonstrating conclusively which the best form. 

The next important step Mr. Moyer’s method the preparation the 
graph paper for plotting values and that the line obtained will 
approximate straight line. The value vary from unity infinity, 
and fairly evident that, uniform scales for and were used Fig. 
the resulting curve would convex upward. such circumstances 
can always hoped that distorting the scale for one the variables 
may discovered that the curve can transformed into approximate 
straight line. 

The scale for the edge Fig. evidently resembles the 
logarithmic scale appears the ordinary slide-rule. logarithmic 
however, would have had the disadvantage that would never réach 
infinity, although not apparent that this fact would any great detri- 
ment this case. Most investigators such situation would probably try 
hope finding satisfactory empirical rule for distorting the scale. Mr. 
Moyer adopted for his use the relationship represented the rectangular 
hyperbola. 

With the hyperbola represented the equation: 


writing: 


the curve has the same properties Equation (11) and, addition, can 
made through any other desired point determining the appropriate 
value may easily found trial, any constant value about 
will give relationship between and rather close that shown 
scales Fig. 48, throughout much their extent. 

The equation, 
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tions (5)* and (6).* 

Mr. Moyer does obtain Equation (5), curve obtained which will 
through any two desired points, addition the point which and 
equal unity. regretted that did not explain what pro- 
happened fix upon the values the constants, and which 
adopted give Equation (6). 

Mr. Moyer has much ingenuity deriving his empirical equa- 
tions, but before these equations can generally accepted will probably 
necessary show two things: forms are better regards 
simplicity, accuracy, and convenience, than any other equivalent similar 
empirical equations that can and, second, that the results obtained 
the equations are reliable and useful, proved some kind compre- 
hensive and conclusive test. 

the writers’ opinion that the periods for comparison are too 
short average accidental variations the frequency flows different 
magnitudes. Hence, while the conclusions drawn from frequency curves 
such those prepared Mr. Moyer, duration curves used Mr. Daven- 
tend support the original findings with regard the effect drain- 
age floods, the opposite might have been likely result from alignment 
the data covering period few years. 

fact, the lines drawn Mr. Moyer’s diagrams not appear deter- 
mined definitely the few scattered points that other lines with different 
slopes and intercepts might not have been drawn fitting the data equally well. 
one trial, the writers eliminated from the frequency data, all values rain- 
fall and run-off for the month June, had been selected 
design, and not chance, using only those June months which had appre- 
ciable flood run-off. Better alignment the curves was obtained most cases, 
but different slopes and intercepts were secured, that indicated positive 
effect drainage. This criticism the device used Mr. Moyer 
Mr. Davenport, which might applied comparing two very much longer 
periods record; but many factors which affect run-off may been 
averaged the two periods they may have been averaged alike the two 
basins, indicated the duration curves prepared Mr. Davenport. 

this connection certain comparisons general hydrologic data are 
offered (Table 43) being significance interpreting the results shown 
the duration curves stream flow prepared Mr. Davenport. 
The fact that the Iowa River water-shed received 2.27 in. more rainfall 


the post-drainage petiod, while the Des Moines River water-shed received 1.51 


in. less rainfall, might account for the difference the comparative duration 
curves observed Mr. Davenport. comparison the rainfall received 
during April November, inclusive, excluding the winter period the man- 
ner followed Mr. Davenport, shows approximately the same difference 
the relative quantities received the basins the two periods. basins 
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such those the Iowa and Des Moines Rivers, where the average annual 
run-off only 20% the precipitation, inch rainfall: may 
trated unit the spring fall. 


TABLE 43. 


VALUES FOR PERIOD: 


June, 1903, May, 1906. October, 1917, September, 
Des Moines Basin Moines lowa Basin 
Basin above above Basin above above 
Towa. Towa. 


32.81 30.87 


October, 1917, September, 


The fact that average annual temperatures (and almost every monthly 
average temperature) were considerably higher the post-drainage period 
probably accounts for the increased water losses the latter period; but the 
periods are short that other factors, such storm magnitude, distribution, 
and location, might have quite any effect drainage shown 
the duration curves. the year, October, 1917, September, 1918, the Iowa 
River Basin received 8.40 in. more rainfall than the Des Moines River water- 
shed, and the Des Moines River Basin received 6.13 in. more rainfall than the 
Iowa River Basin the year, October, 1903, September, 1904. There were 
more rainy days the Iowa River Basin the post-drainage period and 
fewer rainy days the Des Moines River Basin. During the summer follow- 
ing the notable flood June, 1903, the Lower Des Moines Basin received heavy 
rainfall which maintained high stages the Des Moines River throughout 
the summer, while the undrained areas the Upper Des Moines Basin 


Item. 

Average precipitation 

Averag 
inches 4.88 6.78 

Montb. June, 1908, May, 1906. 

65.2 
52.8 
n 
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and the Iowa River Basin received abnormal amounts rainfall and the 
Iowa River had relatively lower stages during the remainder the year. 
was the complexity the effect the many factors which influence run-off 
general that led the writers test the effect drainage the analysis 
the individual floods. 

The test applied the rate was carried flows low the 
average flow the stream, which was not reached some cases until twenty 
days after the flood crest. The water-sheds are small that run-off from the 
flat areas involved drainage would have been measured for several days 
all the gauging stations. The Fort Dodge Station the Des Moines River 


located within this area that run-off from drainage lands would certainly 


have been measured immediately following the crest the flood. Hence, 
the writers found difficult agree with Mr. Moyer* that drainage would 
have appreciable effect this index. 

age the low-water stream flow, the writers feel that this would fully 
difficult determine the relations which they undertook study. 
interesting and important matter, but quite foreign the subject the paper. 
many unsupported statements opinion regarding the effect drainage 
stream flow have been made, with little basis facts, opponents and 
advocates agricultural reclamation, that the writers hesitate express mere 
but may worth while point out that entirely conceivable 
that drainage may reduce low-water stream flow without any corresponding 
increase high-water flow. 
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Discussion* 


furnishes broad and concise outline many complex but closely inter-related 
factors considered determining the flow channels, etc. The whole 
question great importance; and the fact that engineers are accustomed 
apply the results small laboratory experiments the calculation large 
works, without actually knowing the general law, and without, fact, making 
proper allowances for the results obtained when small laboratory experiments 
are used practical calculations, makes imperative that the question 
should thoroughly investigated the light modern and 
theories. Probably radical advance the theory prac- 
tice experimental will made until the general question con- 
cerning the motion water channels, conduits, correctly solved. 
The author commended for presenting the salient features the 
problem for discussion just time when innumerable problems 
are confronting the profession, and when, indeed, co-ordinated line pro- 
eedure the various experimental attempts demanded. 

For some time, the writer has been studying this problem seriously and 
many ways finds that his results and conclusions coincide fairly well 
with those the author. 

Derivation the Chezy author assumes, usual, that the 
unit frictional resistance proportional approximately the 
the velocity. His assumption that the total frictional resistance quan- 
tity water flowing for sec. and moving forward ft. and the 
energy consumed the same also although would appear 
mathematically infallible, still conveys practical idea. The value, 


which the loss energy due frictional resistance against the kinetic 
Discussion the paper Melvin Casler, Am. Soc. E., continued from August, 
1928, Proceedings. 
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represents velocity section ft. back; then: 


Also, 


simplifying Equation (72) and transposing terms, 


for the result is: 


that is, 


Obviously, Equation (76) does not take into account any constant for fric- 
tion; hence, case like the foregoing the author’s result appears 
incomplete. 

Nearly all formulas for velocity are identical that the hydraulic radius 
and the sine the angle inclination the stream flow are both functions 
the velocity, and are generally reducible the elementary form, rf. 
Although far from complete, the following list gives some the values 
used various authorities particular cases: Chezy, 100; Downing, 
100; Leslie, 100 and 68; Taylor, 100; Pole, 100; Blackwell, 95.8; Hawksley, 
96.1; Bartlet, 95.9; Young, 84.3; Kirkwood, 80.0; 100 and 68; 
Beardmore, 100 and 94.2; Neville, 93.3 and 92.8; Stevenson, 96.0 and 69.0; 
and Eytelwein, 100.0 and 93.4. 

Even all the more complex expressions for velocity can reduced 
some way the terms the simple formula, which will appear 


that the factors, and all bear consistent relation one another, 
and that the coefficient, really the involved factor through which the 
value independently modified. make this clear, note that the com- 
plex terms within the brackets D’Arcy’s formulas, Kutter’s formula, and 
Bazin’s formulas are the only features which any these expressions 
differ; short, the involved term each case only expresses the value 
coefficient flow. The factors, and are usually determined obser- 
vation, while the other hand the coefficient, empirical character 
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and its used ‘the respective formulas, are presumed also have. 
been determined all the equations for velocity, the 
vulnerable factor and through are the serious discrepancies 
that appear. 

When body, whether solid, liquid, gaseous, caused slide over 
surface another, pass through solid enclosure, sliding 
motion experienced which known the friction between the two 


bodies. Proceeding this definition, the following laws friction may 
stated: 


1.—Frictional resistance proportional the coefficient friction applied 
the surface contact the solid enclosure. 

resistance varies directly the resultant head contributing 
the movement water, which sometimes represented equal the 
square the velocity flow; and 


3.—Frictional resistance proportional thé area the wetted surface 
past which the water flows. 


assumptions lead the relation expression: 


) lpew(H — P) er (77) 
channel; and the friction. Therefore, 
Furthermore, 
8 e eee 
Assuming that the friction head lost uniform rate, 
When the assumption made that the gradient factor the Chezy for- 
mula represents either the hydraulic gradient the invert gradient, the ques- 
tion applying the abortive, asséssing the value ren- 
dered practically difficult. Perhaps the proper value the coefficient any 
Presumably, even the modern complicated expressions used determine the 
value will not faithfully take into account all the factors that influence 
the flow water. problems, doubt, one can hardly hope 
express complex proposition clearly with and, for that 


reason, all critical and trustworthy equations relating the flow water 
are, necessity, somewhat involved. 
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the gross energy head, equals and the net kinetic head, 
equals then substituting these values Equation (78): 


The gross kinetic head is, 


The net head is, 


Based Equations (81) (85), other equations for the critical values 
applied rectangular sections (which may compared with those the 
author) may written follows: 


(a) When the cross-section the stream, constant, the equations 


These will apply channels triangular section and trapezoidal section 
with some modification. 


and, 


cel 
The maximum resultant velocity is: 
The maximum discharge is: 
T 


36) 


4 
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With reference Equation (87), there are data available show how 

certain canals America have not scoured appreciably even under relatively 
high velocities. The magnitude these velocities known from measure- 
ments the canals, but the exact value that would start the scour has 
never been determined. Presumably, higher velocity required start the 
banks scour than continue when once started, illustrated the 
fact that certain canals not scour even the mean velocity several times 
that suggested Dubuat The value given Equation (87) 
seems determine the greatest velocity (which also the economical 


velocity) that particular canal would stand before beginning scour (see 
Table 13). 


THE Great Miami VALLEY. 


Computed 
Location. mean depth, average 
second-feet. section. 


6.7 13.7 14.7 scour 

Tawara east Sidney... 8.2 16.2 Scour 
Seven-Mile Creek, 2.58 5.44 9.1 scour 
Miami River cut-off 5.5 7.6 Scour 


Equations for the critical values applied conduits with circular cross- 


economical diameter for any discharge, equals 0.633 
The economical velocity equals, 
Diameter, inches. 
The velocity given feet per second. 


Railroad Bridge, Buck 
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Formulas for critical net energy head, are 0.791 


Table shows how the economical velocities, computed from Equation 
(89), compare with the values given Fanning and Unwin. 


FREE ORIFICE SUBMERGED ORIFICE 


16. 


General equations for orifices may written follows: 
For rectangular orifices (free shown Fig. 16(a)): 


For rectangular orifices (submerged shown Fig. 16(b)): 
d, 
For circular orifices (free, shown Fig. 16(a)): 
6. 6.301 2.5 0,5 
.For circular orifices (submerged, shown Fig. 
6.301 2.5 


The formulas not take cognizance the velocity the water approach- 
ing the orifice. Where this appreciable taken into account, and 
would then include also the head due the velocity approach. 

Equations for the discharge water through pipes may written 
follows: Referring Fig. 17, may seen that, and that, 
then, 


6.301 
General formulas may written for weirs, follows: 


which, 
width the crest the weir. 
coefficient friction between water and masonry 
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VALUES 
Name river. river, square feet per 
miles. miles, feet square 
per second. mile. 


(2) (4) 


570 000 


000 
000 
000 
400 
000 
000 
500 
000 
000 
000 
000 
000 
000 
000 
000 
000 


eon 


Godhaveri (Dowlesh- 


650 
227 
800 
932 
510 
194 
472 
900 
104 
662 
250 
898 


America: 
Amazon.. 


onaco 


~ 


Italy: 


De 


Yang-tse-Kiang 


Austria 
(Isaktcha).... 


gauge. 
Maximum width catchment basin, miles. 


Discharges from Catchment Basins.—Perhaps extension this prin- 
ciple discharges would facilitate the discharges 
rivers. in. represents the maximum average concentration rainfall 


125 
17. 
TABLE 15.—Comparison River 
India: 

Mahanadhi............ 520 000 

Damodhar (above Ra- 
200 149 000 
600 115 870 
060 
400 241 

428 
‘ 
100 000 
Spain 

Maximum discharges 

the 

River 

Menjibar*......... 80t 875 109 000 18.2 1.12 2.24 
289 104 000 11.3 1.04 2.08 
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surface flow water into the river tributaries any time and ft. the 
total length rivers and tributaries, the maximum discharge the river may 
(roughly) deduced from Equations (95) and (96). inches and 


5.671 
Q = or 720 b 


Table illustrates the usefulness Equation (97). 

The values given Column (3) are approximate and may have 
verified and corrected whenever necessary. The length was measured 
the point where the rate discharge was measured. 

the case the Sonne River, the maximum mean intensity rainfall 
the basin contributing the maximum peak August 19, 1923, was 2.7 in. 

The value would seem depend the intensity and duration 
rainfall the depth concentration flow above ground the river 
course, and the topography the catchment basin; but the latter being 
constant factor, probably only necessary observe what relation actually 


exists between and the intensity rainfall. When that determined 
the flood discharge river can easily computed. 


q 
| 
4 
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Discussion* 


desires express his appreciation the able discussion made Mr. 
gratifying learn that Mr. Tucker’s experience and that another 
eminent road builder one the Southern States, confirm the 
the sub-grade studies made the Pacific Northwest. 

The writer agrees with Mr. that the horizontal movement 
the soil should not overlooked. That Mr. Herschel’s observation correct 
confirmed the writer’s experiénce highway grading operations the 
the Columbia River, Clatsop County, Oregon, with respect par- 
ticularly tideland soil deposits. common with the experience other 
highway and railroad engineers, the writer observed that embankment slope 
stakes, placed predetermined distance before the fill was made, would 
found, after the embankment was constructed, have been thrust outward 
and upward for considerable distance the lateral and upward pressure 
the toe the slope caused the weight the superimposed material con- 
centrated near the center the many cases, this final distance 
between the slope stakes was found have increased considerable degree 
beyond the measurements indicated the original cross-sections. 

The writer beliéves, however, that the need for the consistency test 
Mr. Herschel** applies largely the undrained tideland soils, 
there distinct flow the wetted material, the area which 
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the coastal States insignificant when the percentage compared with the 
total area the upland mineral soils. Because this restricted area the 
tideland soils, composed decomposed organic matter, believed 
that the consistency test secondary importance. the drained tideland 
the lateral movement eliminated considerable degree and the upland 
soils, adequate drainage provisions, should possible restrict the 
adverse action the sub-grade principally the vertical movement 
caused the expansion contraction brought about alternate freezing 
and thawing variations the moisture content; neither which 
actions considered involve flow. 

Professor Terzaghi calls* attention statement made the writer 
that, “the exceptions the rule [that the linear shrinkage the soil the 
critical test for sub-grade quality] have been noted previous papers 
the writer”. The insert the brackets the impression gained Professor 
Terzaghi from the This impression, however, erroneous, the 
context the original paper will show. What the writer stated was not 
that the exceptions the rule that the linear shrinkage the soil was the 


eritical test for sub-grade quality, had been noted previous papers 


(although this was true subordinate sense), but that the field moisture 
equivalent was taken simple and rapid indication what the linear 
shrinkage values would for identical samples soil, and that exceptions 
this statement had been noted previous papers. This relation between 
the linear shrinkage value and those the field moisture equivalent have 
been discussed considerable length the writer 

The writer agrees, however, that there are exceptions found the 
statement that the linear shrinkage value the critical test for sub-grade 
quality. For example, Mr. Hoffman, formerly Construction Engineer 
for the Washington State Highway Department, reported that the maximum 
heave caused frost under concrete pavement the irrigated section 
Yakima County, Washington, was approximately in. The sub-grade where 
the maximum heave occurred, was largely sand and gravel, material 
which the linear shrinkage would negligible. The water-table, however, was 
close proximity the base the pavement, and the frost penetration 
was approximately in. the edge compared with in. the center 
the pavement. The 5-in. heave referred Mr. Hoffman was specified 
the excess the rise the center over that the edge the pave- 
ment, determined from the original crown the surface. spirit-levels 
were available, however, determine the total heave. 

Mr. Hoffman believed that the explanation the heaving the center 
the pavement might found the excessive depth the frost penetra- 
tion that location, and that this condition might accounted for part 
the exposure the center the pavement when the snow blanket was 


Proceedings, Am. Soc. E., August, 1928, Papers ers and Discussions, 
Loc. cit., January, 1928, Papers and Discussions, 131. 
Field Tests for Subgrade Public Roads, August, 1924; 
“Field Methods Used Subgrade Surveys, Public Roads, Vol. No. July, 1925; and 
“The Present Status Subgrade Public Roads, Vol. September, 1925. 
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removed. keep the road open travel. The snow piled along the 
edges was considered have been protection against frost. Mr. Hoffman 
stated that there might other contributing causes, such the 
condensation the greatest amount moisture under the center the slab. 

The unusual drainage conditions existing this project, however, should 
preclude from consideration exception the general rule that clay 
soils (those with relatively high linear shrinkage value) constitute unfavor- 
able highway sub-grades.. The testimony overwhelming that the quality 
may determined largely its clay content, evidenced 
the written experience numerous highway engineers. 

recite the practice actual field investigators, recognized that 
the most favorable period which sub-grade survey may made during 
immediately following heavy rain, when drainage conditions are their 
worst. this time generally relatively simple matter anticipate 
the location the unfavorable sub-grade soils their muddy condition 
compared with the well-drained appearance the more favorable sub-grades. 
approximate this natural phenomenon, involving rain, the 
that the simplest and most practical the addition water 
dried sample the soil. The field moisture equivalent seems the 
nearest approach this natural since that 
represented the maximum moisture content well-drained soil even imme- 
diately heavy rain. statement applies sample taken beneath 
the surface eliminate the effect any ponded surface water. Because 
natural relation the field moisture equivalent the 
logical basis for adding comparable quantities water soils, with varying 
sizes grains, preliminary making the linear shrinkage test—which 
believed represent the fundamental adverse characteristic sub-grade 
soil. 

The writer believes that the field moisture equivalent 
most rapid, most logical, practical test which has yet been devised 
determine the general nature sub-grade soil. The close agreement 
test results identical samples different investigators has been noted 
another element its favor, because the small degree which involves 
the personal equation the 

Professor Terzaghi misinformed when states* that the profile was 
not considered the writer’s earlier investigations. the contrary the 
Bulletins the Bureau Soils, upon which the writer 
method, for many years had published soil profiles part the informa- 
tion with regard, the various soil types. Furthermore, the original inves- 
tigations made the writer pavement failures were made compliance 
with standardized questionnaire form distributed the Field Offices 
the Headquarters’ Office the Bureau Public Roads. The instruc- 
tions these mimeographed forms required that samples the soil 
forwarded the Washington Office; that the horizontal and vertical location 
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material extending least ft. below the road surface; and the depth 
which more pervious impervious layer existed beneath the material hauli 
representing the sample. This necessitated considerable drilling with hand the 
soil auger with pipe extensions for reaching depths excess ft. The 
general practice, shown the records file the Bureau, was bore 
down the impervious layer. This involved drilling, some cases, 
depth ft. careful statement the character each soil layer was 
noted soil profile plotted for the length the test section road. 
Later, when the method for making sub-grade surveys was developed 
the writer, was recognized that soil borings were essential.* general 
rule, however, since the top immediate subsoil contained the greatest 
content clay was considered that the procedure could simplified 
considering these layers represent the most adverse condition. Where opin 
actual observation, however, indicated that the lower subsoil, shown, for the 
example, the side slopes excavations, contained the largest percentage Pub 
clay, this material was used representative sample the most un- app 
favorable sub-grade soil. Where the cuts and fills did not exceed ft. the ing 
soil profile could found often referring the data contained the 
Bulletins the Bureau Soils. The more recent Bulletins this gra 
Bureau also give the soil profile down the parent 
example the boring and stratification sheets based the data 
obtained the earlier tests may found the reportt the sub-grade 
failure under bituminous pavement the Oregon Trail between Grande det 
and Hot Lake, Ore. This investigation was made September, 1920. The eat 
borings showed the existence sand and gravel stratum from ft. 
the base the pavement. The surface soil, ft. depth, con- sid 
sisted black loam—practically gumbo—and beneath this there was layer 
white sand varying thickness. The unfavorable subsoil, however, was 
found quaking stratum between the white sand and the sand and gravel 
layers. This quaking layer was composed greenish brown sandy clay tes 
grading into green coarser.sand the depth increased. The layer was evi- 
dently the remnant old bog marsh. This conclusion was borne out 
the geological formation the Ronde Valley which the test 
was made. This valley about miles miles wide, and prac- fie 
tically level, sloping slightly down hill from west east the rate ft. 
the mile. The Blue Mountains enclose this triangular basin all sides, 
towering height 500 ft. above sea level. Geologists conclude that 
prehistoric ages the mountains cracked, forming tremendous fissure into 
which streams from the surrounding hills gradually deposited eroded material 
fill the enormous cavity. The continual deposits through the ages 
finally formed the present broad level valley situated elevation 
ft. above sea level. 


Methods Used Subgrade Surveys,” Public Roads, Vol. No. July, 1925. 


Methods Used Subgrade Surveys,” Rose, Public Roads, Vol. No. 
July, 1925, 94, and Footnote 
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The pavement mentioned failed rapidly under the traffic heavy trucks 
hauling material for the construction adjacent section roadway. All 
the evidence indicated that the failure was caused the vertical and lateral 
displacement (under concentrated loads) the boggy, soft, and mushy inter- 
mediate layer soil. The project illustrates conclusively the necessity 
borings because, this case, the adverse the sub-grade was not 
apparent the surface. 

Professor Terzaghi’s fine differentiation* between the centrifuge moisture 
equivalent and the field moisture equivalent interesting and instructive. 
The writer remains the opinion, however, that for all practical purposes 
testing sub-grade soil the identity the two tests sufficiently close 
not affect materially conclusions based the specified relation. This 
opinion formed after considering the findings that have been made since 
the test was first promulgated. For example, the three original papers 
Public Roads, previously referred to, the writer showed that the test was 
applicable principally soils with field moisture equivalent percentages vary- 
ing from 80%, since these limits included the sub-grade soils doubtful 
nature. For values less than 20% the soil was considered sufficiently coarse- 
grained provide good sub-grade, and the percentage exceeded 
any quantity the soil was believed unfavorable sub-grade. 

This conclusion confirmed first the most recent researches the 
Bureau Public Roads. For example, curve comparing the values 
determined identical samples number soils for the two moisture 

equivalent methods has been This curve shows that the two tests 
agree remarkably well between values and 35%, although there con- 
siderable divergence from the 45° relation above per cent. 

The second confirmation the writer’s original statement was rendered 
Professor Terzaghi explaining the physical significance the various 
highway sub-grade soil tests. this the relation between the two 
tests was shown means pressure-voids-ratio diagram. The difference 
between the two values, the typical case cited, was represented 0.003 
(in terms voids ratio), one ordinate indicating the value 0.625 and the other, 
0.622. Since the higher value represented the standard centrifuge test, the 
field moisture equivalent was graphically indicated less than 0.5% 
below the standard centrifuge value. would seem, therefore, that all the 
evidence date confirm the identity claimed the writer for the 
two tests. 

rebutting these contentions made Professor Terzaghi, the writer 
does not wish leave the impression failing appreciate the inestimable 
service that performing his chosen field—the mathematical inter- 
pretation soil physics. the contrary, the writer believes that Professor 
Terzaghi’s papers, concerned they have been largely with expositions 


Proceedings, Am. Soc. August, 1928, Papers and Discussions, 1911. 


“Present Status Subgrade Soil Testing,” Hogentogler, Charles Terzaghi, 
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the limitations and scope the various sub-grade have done much 
clarify what had been hitherto hazy conception part 
zaghi that the soil tests, themselves alone, can never 
the quality the sub-grade, because the impossibility the 
laboratory the conditions that exist the there- 
fore, that the center attention, concerning the whole matter highway 
sub-grades—which has been focused for the laboratory, tests 
the past few years—should now shifted to, study 
sub-grade soils the field. would unfortunate, indeed, were more 
valuable time taken with minor objectives, when the major objective 
identify the character various sub-grade soils, place the 
the methods through the practice which there 
may built road surfaces best adapted local conditions. The sub-grade 
investigations will then perform their greatest usefulness pointing ways 

and means reducing the ultimate cost construction and maintenance. 

The difference opinion expressed Professor Krynine* the second 
paragraph his discussion caused perhaps misconception the 
statements made the writer. The writer asseverates his opinion that most 
the evidence published date points to. the conclusion that the adverse 
nature sub-grade soil general with the clay content. That 
there are exceptions this statement admitted. Professor Krynine 
does not state the ground for his difference opinion, the assumes 
that takes exception the statement from the standpoint. that local con- 
ditions such drainage, climate, and traffic, largely determine the manner 
which sub-grade soil will re-act regardless its clay content. With 
this conception the writer heartily agrees and never wished convey any 
other impression. the other hand, perhaps Professor Krynine’s difference 
opinion may caused lack similarity the methods used 
the two sides the Pacific Ocean determining the clay content. 

With respect Professor Krynine’s third paragraph, his Assumption (c)* 
believed represent the actual facts the test under consideration. 
the time this section the Pacific Highway Washington was built (in 
1911), was impossible for the authorities control road construction 
foresee the tremendous increase traffic which would occur within the 
brief space few years. 1911, American roads the Western States, 
well other sections the country, consisted disconnected sections 
built for the most part adjacent the larger cities and towns. The adoption 
comprehensive system State highways Washington was still the 
argumentative stage, common with many other States, and ‘it was not 
until 1921 that the Federal Aid System was enacted into law the Con- 
gress the United States. 

conclusion, the writer wishes express the need simplifying the 
sub-grade problem and the necessity for placing the subject plane which 
will make the results useful the field engineer. -He believes that the plan 
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which his original studies were made, has been and still distinct 
value the field engineer working hypothesis which base the 
selection the kind and design the road surface for given location. 
The outline the operations made carrying these sub-grade surveys 
recited here for definite purpose, 
Report Form.— 
1—Brief description highway. 
2.—Information with regard adjacent roads: 
(a) Location. 
(b) Type, 
(c) Sub-base and character soil. 
(d) Year built. 
(e) Present condition. 
(f) Summary. 
3.—Description this project: Type, 
4.—Topography adjacent terrain. 
5.—Geological structure adjacent terrain. 
6.—Soil types encountered: 


(a) Data borings. 
Results soil analysis. 


7.—Drainage conditions. 
data. 
census. 


(a) Surface and sub-surface. 
Pavement design and kind surfacing. 
11.—Remarks. 
12.—Photographs. 

The writer believes that this outline indicates that his original investiga- 
tions were not made with the idea that the soil tests alone would determine 
the efficiency sub-grade soil. the contrary, always recognized— 
and stated—that the climate, traffic, drainage, and other local conditions 
should all considered the final selection the surfacing. The method 
outlined for making sub-grade survey was intended submitted 
working hypothesis that had been found successful the Pacific Northwest. 
gratifying learn that the findings others have confirmed the results 
and that the study sub-grade soils rapidly assuming growing signifi- 
cance integral part the new science highway engineering. 
order that this new science may have solid foundation, however, the writer 
believes that there need for the accumulation and analysis facts, with 
regard typical sub-grade conditions, country-wide scale. 


“Field Methods Used Subgrade Surveys,” Rose, Public Roads, Vol. No. 
July, 
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Discussion* 


Am. Soc. (by was the writer’s 
primary purpose call attention his paper the fact that least more 
satisfactory means than pure guesswork are available for the design concrete 
pavements. 

Mr. calls attention matters pertaining the economical produc- 
tion uniform concrete the pavement slab. Certainly effort should 
spared secure this end, not overlooking the fact that high flexural strength 
the greatest importance. 

Mr. Hooper’s regard the danger applying blindly any 
theory design are pertinent, perhaps the writer was lax not making 
clear that the discussion related only stresses caused wheel loads. That 
other stresses may always present practically certain. Accurate measure- 
ments movements the Bates Road slabs were taken over long periods. 
The plotted results that probably all rigid pavement slabs, regardless 
traffic, are constant motion, due largely the fact that the relative tem- 
perature the top and bottom surfaces constantly changing. 

Other movements, vertical and lateral, which logically might 
attributed moisture changes general temperature variations the slabs, 
moisture variation the sub-grade, freezing and thawing the sub-grade, 
were noted. Such movements, because their effect the location and 


distribution sub-grade support and because sub-grade friction, neces- 
Discussion the paper Clifford Older, Am. Soc. continued from August, 
1928, Proceedings. 
Author’s closure. 
Pres., Consoer, Older Quinlin, Inc., Chicago, 
Received the Secretary, October 17, 1928. 
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sity result pavement stresses. not difficult compute maximum 
stresses due such causes extreme support conditions for slab fixed 
dimensions are assumed, such line-bearing support axis, edges, 
approximate edge support was noted one case under the writer’s observa- 
tion, when, warm spring day, Bates Road slab evidently thawed loose 
from the still frozen sub-grade and within few minutes sprung about in. 

known beam and slab formulas for pavement design would suffice. 
ceivable, however, that such conditions may occasicnally occur northern 
climates. 
consideration the various. possibilities sub-grade support leads appe 
the conclusion that this uncontrolled and variable factor, together with 
loads, will crack unduly large pavement slabs into sections the size which, 
under given conditions, will function the slab strength. 
Artificially dividing the pavement during construction into sections smaller join 
than now generally customary would doubt reduce erratic cracking. 
Mr. Hooper* also discusses some length the possibilities using rein- 
forcing steel resist the effect temperature stresses. The writer unaware, spac 
however, having advocated the use reinforcing steel the body the slab 
except for one purpose, namely, holding the rough edges cracked slab 
close contact and thus providing doweling ‘action such cracks least 
effective may accomplished dowel-pins other means construction men 
joints. 
Mr. observes that panel lengths greater than ft. are mig 
used, they will shortened few years transverse cracks. This 
responds with the writer’s observation rural pavements, especially those 
used heavy trucks. also calls attention the fact that the deflection 
under one wheel will influenced the presence another near-by 
This true. Professor Westergaard’s complete paper§ and subsequent investiga- 
tions others show, however, that the stress effect due the wheels other 
axles small. egreed that the edge thickness should extended 
ft. from the dat 
Mr. also seems advocate closer spacing dividing planes 
order control cracks. His suggestion “to continue working with the object 

developing design which all corners and edges would definitely pre- 

determined”, could doubt readily followed, simply close enough att 
spacing dividing planes joints. However, the individual sections must 
still large enough distribute the load the sub-grade over sufficient 
area avoid permanent depression; otherwise, the results would similar 
those obtained laying paving brick earth sub-grade. 


Loc. cit., May, 1928, Papers and Discussions, 1617. 
Loc. cit., 1618. 
Loc. cit., January, 1928, Papers and Discussions, 147. 


This was advocated the writer’s paper entitled, “Highway Research 
Transactions, Am. Soc. E., Vol. LXXXVII (1924), 1180. 
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experience that, under ordinary traffic, ‘slabs from 
greatest dimension not crack excessively the reinforcing mesh 
proportioned suggested. They are more economical than smaller slabs 


when such all properly thickened provided with adequate 
slip dowels. 


num 
fixed 


in, expected because warping, may found that ft. between 
dividing planes slabs normal thickness would not small further 
cracking avoided. Certain sections the Bates Road were divided 
into 25-ft. slabs longitudinal and transverse joints. Fifty these 
hern slabs withstood the ‘traffic tests with other damage than transverse cracks. 
Twenty these slabs remained uncracked, while thirty-four transverse cracks 
appeared the remaining thirty, thus dividing them into slabs averaging 
hich, The writer ventures the opinion that, when costs are computed pre- 
vailing average prices for mesh, suggested the paper,* for 
aller joint material, and for dowels concrete thickened edges, the cost 
per square yard complete pavement, when the joints are spaced from 
ft., will found less than when embedded steel used, and joints are 
spaced close enough avoid all reasonable possibility subsequent cracking. 
slab Professor calls attention the fact that, loads 
are not imposed upon the pavement circular areas uniformly and the dis- 
tribution pressure over this area varies widely, depending tire equip- 
ment. Professor Westergaard did not indicate that uniformly loaded circular 
areas apply practice. The assumed that study tire imprints 
those uniformly with the total wheel load, would the same pavement stress 
ction that caused the actual load distribution, could assumed without mate- 
rial error. Until equivalent circular areas are determined for wide range 
tire equipment will necessary make assumptions the formulas 
other are used. Professor Krynine makes some interesting observations con- 
cerning the dynamics deformations. There experimental 
data obtained road slabs service that might used this connection. 
The writer has previously published data§ which shows that deflections, 
least, may less under slowly moving than under loads. 
regard the sub-grade reaction factor, was assumed that before 
attempting design for given location, the value would determined 
for existing pavement slabs laid soil nearly equal that the new 
location present methods soil examination will permit. case pave- 
milar ments comparable sub-grade soils are available for test, small trial 
slabs might built for this purpose, ledst until more known about the 
actual range this factor. Deflection curves existing pavements indicate 
Proceedings, Am. January, 1928, and Discussions, 148. 
cit., August, 1928, Papers and Discussions, 1914. 
inois,” Loc. cit., January, 1928, Papers and Discussions, 148. 
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that proportionality exists, the major part the sub-grade reaction should 
developed within radius ft. the load.* Test slabs, therefore, 
need not large, although experiment proves this factor critical, 
would the case its prevailing value approached zero, the cost construct- 
ing full-sized slab, which might eventually incorporated the finished 
pavement, would not out proportion the case many paving projects. 

Rural pavements are usually built without curbs, and, therefore, maximum 
wheel loads may expected, least occasionally, along the edges. 
writer recently followed heavily loaded for two miles. For apparent 
reason the driver seemed prefer path which kept the rear outside wheel 
going beyond the edge the 20-ft. pavement for about one-half the width 
the tire. the writer’s belief that the upward warping such pavement 
edges and corners night, may often sufficiently great that although 
one wheel may traveling along the edge, the bottom the slab will not 
contact with the sub-gradet for possibly one-half the distance 
the wheels the axle. During the tests the Bates Road, where the truck 
wheels traveled constantly along one edge, was definitely determined that 
even during the daylight period maximum downward edge warping, the 
bottom surface the slab that edge was not contact with the sub-grade, 


except while truck wheels were passing. This would indicate rutting the 
sub-grade. .Add this the upward warping the slab sides and corners desc 
night, and material sub-grade support under the edge would seem impossible. mad 
other words for edge loads, would zero. 

was the writer’s hope that determinations the value from tests usin 
existing pavements would made under great variety conditions, fron 
varying from the most the least favorable. The method proposed Pro- pari 
fessor Westergaard involves the value the modulus elasticity the con- face 
crete which particularly difficult determine existing pavement slabs, 
but might materially affect design, especially resulting values much less sion 
than were found. That zero values might found was suggested the 

seems the.writer that until definite values can established, would 
logical assume that zero and that may also zero for pavements 
without curbs. This would only provide, best, much needed factor tior 
safety cover wheel loads excess those assumed design, possible tha 
impact, uncertainties modulus rupture determinations, non-uniformity the 
concrete, and multitude other uncertain variables. 

Loc. cit., Fig. 1193. “ho 
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described this paper was performed test the validity the assumptions 
sible. made developing the theory the skew Subsequently, George 

Beggs, Am. Soe. E., conducted far more elaborate set experiments, 

tests using several arches varying proportions. The writer compared the data 
ions, from this set with the results deduced from his equations and found the com- 
Pro- parison far more favorable than those described the paper. Influence sur- 
con- faces were reproduced show the comparison for the entire set. 

making computations for varying values for arch with dimen- 
less sions otherwise the same, has been found that little change the results 
the produced the variation not greater than per cent. this case, the 
quantity, was given values 20% greater and 20% smaller. extreme 
change made the results are affected very materially. These computa- 
tions were made test the validity the objections sometimes raised 
that the the whole theory rests that the formula used for 
mity the value, which may not apply rectangle slender those used 

arch design. The writer doubts very much 20% error. 

comparison Mr. Godfrey’s with that Mr. Jakobsen** 


very interesting, giving does the pro and con scientific design versus 


“horse-sense” methods. The many catch problems that abound engineering 

Discussion the paper Charles Rathbun, Am. Soc. E., continued from 
May, 1928, Proceedings. 
Author’s closure. 


Dept. and Prof., Civ. Eng., South Dakota State School Mines, Rapid City, 
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usually yield careful analysis giving results that are different from the 
solution that first appears obvious from the “horse-sense” method attack. 
The skew arch one these problems. Although many engineers have advo- 
the idea that the obtuse corner carries the load, none them has given 
quantitative solution that designers can have basis which com- 
pute stresses and earth pressures. 

Mr. Godfrey emphasizes* the fact that the abutments may not rigid. 
The effect abutment movement has stated the 
follows: 

“The theory developed implies rigid abutments. positive movement 
the abutment the direction, causes the line force shift toward 
the obtuse corner, that is, tend follow the shortest route the abutment. 
similar movement the direction, however, will cause shift away 
from the obtuse corner. Rotation about z-axis will cause similar shifting 
either toward away from the obtuse corner, depending the direction 

rotation.” 

the tangent the angle skew somewhat less than unity the thrust 
the direction, less than that the direction, The tendency move 
the direction, is, therefore, greater than the direction, and the 


effect the abutment movement would opposite that indicated Mr. 

Godfrey. the paragraph quoted was very important one, was verified 

experimentally. port 

Mr. Godfrey calls attention the fact that the writer, before conducting 

experiments, and deducing the equations published 1924, had fallen into rem 

the error still advocated “horse sense”. This clearly point favor 

the theory the experimenter was not trying prove and publish pet 

theory or, was, was forced conclude that was error after Lin 

seeing the results experiment and computations from the mathematical 

equations. hoped that the others who have committed themselves this 

problem will admit that mathematical and experimental research have more hav 

weight than their first “snap” judgment. aris 
Proceedings, Am. 1928, Papers and Discussions, 1642, 
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INLETS SANDY COASTS 


Discussion* 


attention shore processes which are increasing public im- 
the control these processes the engineer has little exact data 
available technical literature assist his judgment the construction 
remedial works. Possibly the most part the paper consists the 
excellent summary the natural forces work along the shore, description 
which available also such works Johnson’s “Shore Processes and Shore 
Line Development”. would perhaps have added the value the paper 
compendium list such references were given. 

Probably nowhere more than along the 300 miles North Carolina coast 
have inlet changes been more marked caused more serious conditions 
arise the sounds behind them. 1585, there were twenty-two recorded inlets 
this coast. Since that date there has been continuous closing 
inlets, due largely movement littoral drift, until present there are but 
twelve. Such inlets have persisted for any length time have almost 
invariably migrated southward. thorough study the history inlet 
changes along the North Carolina coast was made Brent Drane, Am. 
E., report the North Carolina Fisheries Commission 1923. 
This report still available and contains mass valuable data the 
changes which have taken place along this coast during historical times. 

attempt was made 1924 open inlet near the site New Inlet 
(closed 1922), about miles south the present Oregon Inlet. After 
expending about $60 000 dredging and finally opening cut, combination 
cireumstances caused the new cut fill almost immediately and to-day 


Discussion the paper Earl Brown, Soc. B., continued from October, 
1928, Proceedings. 
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trace remains. The most important factor this result was strong 
northeast storm. 

The existence inlets along the 325 miles North Carolina coast 
vital importance the fishing industry the great sounds, reaching this 
State area about 3000 sq. miles. has been alleged for years that the 
progressive decrease the number inlets and continued shoaling those 
still open, have caused perceptible decrease the salinity sound waters, 


seriously damaging the fishing. addition, shad and other similar fish 
longer make their way into such bodies water Albemarle Sound and 
the Roanoke River, due said lack inlets. there 
addition the concern which deterioration inlets gives account formu 
the fishing industry, the forces which affect them are also making the 
serious changes along the beaches, which are growing importance resort 
centers. Marked erosion has taken place along numerous beaches North 
Carolina elsewhere along the Atlantic Coast, and all cases remedial 
measures for preventing this have not been fully With increased 
investment shore property, the design and construction effective beach 
protective works becomes considerable importance. 
The forces work along the coast, tending change close inlets and 
erode accrete the beaches, are great complexity. They are not susceptible 
ready analysis, nor, the writer’s opinion, will any formula serve general 
evaluate the factors concerned and indicate the remedial structures needed. 
Nearly every case must judged from careful observation local condi- 
tions. The writer very skeptical formula such that (Equation (4)*) 
deduced Colonel Brown. That applies approximately conditions 
Absecon Inlet assurance that would apply other inlets varying 
shape and location. The author states effect that does not apply the 
conditions which affect practically all inlets along the North Carolina coast. 
The formula must carefully applied many conditions inlet size, shape, 
and location, before can accepted with confidence. The writer strongly 
convinced that fundamental observations tides, currents, winds, storms, and 
shore movement must made accurately for year two, least, any 
point where regulatory efforts are made before engineering structures for 
the control these complex forces can safely designed. 
The State Department Conservation and Development has carried 
since 1926, under the writer’s direction, series investigations beach 
changes selected localities along the coast North Carolina. lines 
have been established and tied into the triangulation system the Coast 
and Geodetic Survey, and sections have been run six-month intervals 
determine detailed changes. Frequent photographs have been taken indi- 
cate changes special points, and, important beaches, 1-ft. topographic 


maps have been made each year. Valuable advice the conduct these 
studies has been received from the Coast and Geodetic Survey, and 
hoped increase their scope shortly. The investigations thus far pursued 
have shown striking differences character and causes beach and inlet 
changes different points the coast. the observations already made 


Proceedings, Am. Soc. E., February, 1928, and Discussions, 531. 
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could supplemented model studies large hydraulic laboratory, such 
that proposed established under the jurisdiction the Bureau 
Standards, felt that the State could proceed construct certain 
coast protection real assurance their permanence and benefit. 
Lacking model studies large laboratory, further detailed investigations 
the coast are felt necessary before the expenditure sums for con- 


struction 

Briefly, the writer feels that while the paper contains valuable compilation 


facts, and presents certain interesting and thought-provoking suggestions, 
there remain many fundamental observations made before the author’s 
formula adopted with confidence general applicability even under 


the limitations which imposes upon it. 

paper has been devoted general amplifying and confirming the views 
dial 
expressed the writer. the few cases where adverse opinions have been 
advanced, the difference has been slight. the preparation the paper the 


writer found necessary first mention briefly those physical phenomena 
which affect inlets, such drift, currents, etc., but without any intention 
entering into full complete description them and their manifestations. 
The subject ocean currents, thus briefly one concerning 
which much more could have been said. Commander Rude properly called 
attention§ lack clearness the part the writer describing tidal 
currents the open sea. stating|| that “the maximum velocity tidal 
currents found high and low water, while the slack the turn 
the tide occurs mean sea level”, the writer had mind points sea 
remote from land, and not currents the immediate vicinity inlet, nor 
those coastal tidal currents previously well described Commander 


his paper, “Tides and. Their Engineering Aspects.” The writer aware 
that even points very remote from land the currents due tides are prob- 


ably very small, and may depart some extent from the rectilinear revers- 
ing type; but maintains that such departure will negligible, and that, 
general, the currents will conform the description given. not 
known whether there any experimental basis for this statement. 

The rotating gyratory currents coastal waters are manifestly caused 
one rectilinear reversing current being acted one more other such 
currents from lateral direction. the coast, force that may termed 
the principal tidal wave, constantly being modified its own reflections 
from the shore line, that the resultant wave one interference, thus 


ndi- anomalies height tide and strength and direction 
current. parts the sea remote from land, the effect reflections from 
the shore cannot such modify the principal wave any great extent. 
Corps Engrs., A.; Engr., 8th Corps Area, Fort Sam Houston, Tex. 


Received the Secretary, 1928. 
Proceedings, Am. Soc. E., February, 1928, Papers and Discussions, 509. 
Loc. cit., April, 1928, Papers and Discussions, 1339. 
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Hence, will there act more accord with the conclusions theory 
relationship between height tide and direction strength current. lose 
Commander Rude also attention* the point that wind currents 
may much greater intensity the open sea than tidal currents which, 
shows illustration, perfectly true. However, his comparison dires 
wind currents,+ the writer did not have mind specific comparison with plet 
tidal currents alone. There are other “regular currents” the sea, such abou 
planetary currents like the Gulf Stream, pressure currents due changes 
barometric pressure, convection currents due differences temperature 
different parts the ocean, and salinity currents due differences 
specific gravity. All these currents are usually small magnitude the 
open sea, but they become more importance places like the Florida 
Straits the Yucatan Channel where planetary currents attain velocity 
The writer glad have Commander Rude’s his observa- 
tions the dependence littoral the lay the coast with respect 
the dominant direction winds and waves. addition the example 
conformity the rule given him Cape Hatteras,§ similar conformity 
has been observed the writer Cape Lookout and Cape Fear the North 
Carolina Coast. 
While the discussion was intended apply only sandy coasts where the the 
coast line readily responds the forces acting it, Mr. Strong how 
some the principles enunciated may useful other localities, where the 
coast line less responsive those forces. would appear that the lagoons 
which refers and their respective inlets should conform all respects 
those principles and that the proper size inlet for each lagoon could deter- 
mined beforehand from the equations given, and improvements projected with 
confidence. 
Mr. O’Brien his observations the use laboratory studying 
similar hydraulic problems abroad, and infers that American engineers may 
losing some valuable information not making greater use such 
methods. This accord with the writer’s view. believes that the labora- 
tory study hydraulic problems will soon become standard practice. While 
the results laboratory experiments must applied with judgment and dis- 
crimination, any light that can shed hydraulic problems their use 
should welcomed. how those laboratories shall established and 
whom they shall operated, those are questions yet 
The writer’s thanks are due Colonel Dent for his discussion the merits 
converging jetties means for improving and stabilizing inlets.** The 
principal objection which can urged against them expansion 
chamber thereby formed inside the entrance. This causes the current 
Proceedings, Am. Soc. April, 1928, Papers and Discussions, Table 
Loc. cit., February, 1928, Papers and Discussions, 510. 


Loc. cit., April, 1928, Papers and Discussions, 1341. 

Loc. cit., August, 1928, Papers and Discussions, 1929. 

Loe. cit., October, 1928, Papers and Discussions, 2329, 
Loc, cit., 2330, 
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the flood tide. That portion the material deposited the path 
tide will swept out again immediately, but deposits not the 
direct the ebb may expected eventually fill, more less com- 
pletely, the remaining portions this chamber, that the ultimate result 
about the same properly spaced parallel jetties had been constructed. 

Colonel Dent very properly invites the fact that the erosion 
leeward beach subsequent the construction jetties does not necessarily 
that the jetties were the cause the erosion. The presumption such 
cases usually against the jetties, and great deal research prior 
changes the.shore line necessary each case come proper con- 
clusion. 

The closure unnecessary inlets, suggested Colonel Dent* will 
beneficial procedure both for the promotion beach stability 
their vicinity and for the improvement those neighboring inlets the 
retention which may considered desirable. The classification inlets 
any vicinity into the two categories can made only after study local 
conditions. 

Mr. Smith’s the conversion the wave oscillation into 
one translation its approach the shore line very interesting, and his 
theory appears account for many observed facts. The formation the 
bar, (Fig. very noticeable times heavy seas breaking shore, 
and sometimes more than one such bar formed. These bars frequently 
supply additional sand the beach after being flattened out, they eventually 
The writer observed the beach Assateague, Va., much small gravel 
and sharp sand that could only have come from some submerged ridges one 
two miles off shore where identically the same material was discovered later 
dragging. The beach which was found (the Fishing Point)§ was one 
recent formation. similar material was found along the coast line the 
windward within the stretch from that point Delaware Bay. This lack 
similar material other points clearly indicated these banks the source 
the sand and gravel. 

The effect offshore wind building the beach described 
Mr. great value restoring the erosions storms. believed 
that might have amplified his suggestion restoration stabilization 
beaches by: periodical artificial replacement the eroded material whether 
from inland sources from the sea bottom. further study this method 
very desirable. 

Mr. Gelineau very ably the writer’s the rela- 
tionship between the size the inlet and its lagoon, and suggests that the 
formulas might checked comparison with results observations other 
places besides Absecon Inlet, New Inlet, Great Egg Harbor, 

Proceedings, Am. Soc. B., October, 1928, Papers Discussions, 2333. 

Loc. cit., 2334. 

Loc. cit., 2336. 

Loc. cit., February, 1928, Papers and Discussions, 512. 


Loc. October, 1928, and Discussions, 2337. 
Loc. cit., 2338. 
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hoped that the Board Commerce and Navigation New ersey, under his 
direction, will able undertake such observations may necessary for 
this comparison part the studies coastal problem ably begun it. 

The further reference Professor Saville relative the attempted 
artificial opening inlet north the old site New Inlet, C., empha- 
sizes the risk involved such procedure undertaken without full 
edge the principles involved. Any similar undertaking doomed 
failure not undertaken scale sufficiently enable the current 
through the inlet remove completely the littoral drift which there move- 
ment. From such information available appears that the dredged 
channel this case was 225 ft. wide and ft. deep through the beach 
Pamlico Sound, and thence ft. wide and ft. deep for about mile through 
the shoal waters the Sound next the beach. 

The eastern side Pamlico Sound filled with sand flats, the remains 
the inner deltas many former inlets. The inner channel did not entirely 
traverse these shoals deep water the Sound. The channel provided, there- 
fore, was too small cross-section and too short length permit the 
current attain velocity and volume capable coping with the volume 
drift movement along the shore which very large this coast, particu- 
larly northeast storms. 

the majority cases known the writer, when artificial inlets have 
been successful, jetties have been used protect them from the drift. 
recently had occasion advise the State Delaware with reference 
proposed inlet from the Atlantic Ocean Indian River Bay that State 
where the end accomplished was the same that sought North 
Carolina, namely, increase the salinity the lagoon. For financial reasons, 
was advised that case that dredge maintained for considerable 
length time the inner delta keep open lieu providing jetties. 
far known, the inlet has not been made. 

Professor Saville states that skeptical the value the formulas 
given the relationship inlet lagoon. The writer believes that the 
formulas will always value enabling the engineer form some idea 
correct proportion between inlet and lagoon, whereas without such aid 
would have basis for such opinion except his unaided judgment. 
would the last person, however, advocate its use the exclusion 
observations tides, currents, winds, storms, and shore move- 
ment” when “observed accurately over year two” before undertaking 


design proper works improvement. 


The action the State New Jersey, through its Board Commerce 
and Navigation and the State North Carolina through its Department 
Conservation and Development, initiating investigations beach changes 
and those forces acting them most commendable, and hoped that 
this paper and the interesting discussion has evoked will contribute some- 
thing that end. 

pendium references works, more fully discussing the natural forces 


See 141. 
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working modify the shore line, one with which only partial compliance 

can made this time. incomplete list appended hereto: 

Carey. Tidal Lands. Lond., 1918. 

Construction Ports Sandy Shores. XIth Inter. Cong. Navigation, 

St. Petersburg. 

Joly. Cours Travaux Maritimes. Brussels, 1921. 

Mey. Etude sur des Ports plage Sable. 
Paris, 1894. 

Gaillard. Wave Action Relation Engineering Structures. 

Gillette. Seacoast Harbors the United States (Inter. Eng. Cong., 1904), 
Transactions, E., Vol. LIV (1905), Part 297. 

Johnson. Shore Processes and Shore Line Development. Y., 1919. 

Latham. The Maintenance Foreshores. Lond., 1914. 

Mathews. Coast Erosion and Protection. Lond., 1913. 

Owens. Coast Erosion and Foreshore Protection. Lond., 1908. 

Quinette Rochemont. Travaux Maritimes. Paris, 1900. 

Stanton. the Coast and Its Prevention. Lond., 1909. 

Wheeler. Tidal Rivers. Lond., 1893. 
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UPWARD PRESSURES UNDER DAMS: 
EXPERIMENTS 
THE UNITED STATES BUREAU RECLAMATION 


Discussion* 


sure under dams presented Mr. Hinds valuable addition the present 
knowledge this subject. The writer believes strongly the necessity such 
experiments because unsupported theoretical deductions are apt con- 
siderably error. 

has collected some similar data which may throw additional “light 
the subject”. With Chandler, Am. Soc. E., measured the 
upward pressure the Island Park Dam the Miami River Dayton, 
Ohio. these tests the effect the blanket. silt which formed the pool 
above the dam was especially noticeable, cut off nearly all upward pres- 
sure, shown Fig. (a) and (b). Another example very slight upward 
pressure, probably due the same cause, that the dam the Miami 
River Hamilton, Ohio. This dam founded gravel good grading 
between sand and 9-in. cobblestones. The pipes were installed and the closure 
made November, 1921, and the readings were taken the following July 
and Between the time the closure the dam and the date 
which the readings were taken, several freshets occurred, which deposited 
layer mud above the dam. About 100 200 ft. above the dam, however, 


gravel plant had excavated hole ft. deep. 
Discussion the paper Julian Hinds, Am. Soc. E., continued from October, 
1928, Proceedings. 
Author’s closure. 
Associate Engr., Engr. Office, Baltimore, Md. 
Received the Secretary, October 10, 1928, 
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Another case showing upward pressure which was probably somewhat 
reduced silting that the hydro-electric plant Hamilton, Ohio. 
(Fig. 33). The observations were made Mr. Schwartz and Mr. 
Watson, three after the water into the head-race. The 


(a) SET NO. 
ISLAND PARK DAM SET NO. 


DAYTON, ISLAND PARK DAM 


Piezometric Line at 


ISLAND PARK DAM 
HAMILTON, 


NO. 
ISLAND PARK DAM 
DAYTON, 


32.—OBSERVATIONS UPWARD PRESSURE. 


dotted line shows the upward pressure under the main part the structure. 
The extension (B) this line represents the assumption that the pressure 
the up-stream edge the structure equal the full depth water 
that point. Another assumption, represented Line (A) that the rate 


loss pressure per foot length line creep was the same under the 
up-stream part the structure under the part where it. was established 
the observations, and that the difference between Lines (A) and the up- 
stream edge represents the loss pressure due silting. The true condition 
probably between the two assumptions. Since the length the power house 
was relatively small proportion the effective head, that some 
the water that entered the ground from the passed around the 
ends the power house and thus lowered the pressure more than would have 
all the water had passed under dashed line shows the 
pressure under the commonly used 
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examples show earth blanket stream from dam very 
effective upward pressure, and many cases might 
construct impervious up-stream blanket where lowering 
the upward pressure would effect economies the cost the structure. 

the observations the Grand River Dam, that river 
bottom may covered with relatively impervious layer, was noticed the 
writer during the construction wells for the water Lafayette, Ind. 
These wells were put down into the gravel the bed the Wabash River. 
When pumping was the coffer-dams which they were placed, 
the ground-water rose the top the coffer-dam, about ft. higher than the 
surface the river. 

The writer’s experience the Rock Canyon Dam Pueblo, Colo., indi- 
cates that grouting cannot relied upon prevent upward pressure 
dam founded sandstone. This structure was founded the Dakota sand- 
stone, composed nearly pure silica grains. Holes 10-ft. centers were 
drilled near the up- -stream face the dam into the rock average depth 
about ft. and were vented the down-stream side the dam relieve 
upward pressure. The possibility grouting these holes was investigated, but 
was found that although water could poured into them slowly for 
indefinite period, when grout was forced in, the water the grout filtered 
through the sandstone and the solids remained the hole. When the hole 
was filled with solids, more grout could forced in. That the water passed 
through the solid rock was proved drilling hole near the edge large 
piece stone free from flaws, and forcing water into it. water appeared 
on, and flowed down, the face the rock. When the pressure was released, 
some the water the stone flowed slowly back out it, indicating that 
the air the voids the rock ahead the water was compressed somewhat, 
and expanded again when the pressure was relieved. That water pressure can 
transmitted through solid stone was proved many years ago the late 
James Francis, Past-President, Am. Soc. Although the fresh rock 


surfaces absorbed water rapidly, the rock was nearly 
impervious. 


studies presented this paper are unquestioned value the 
Engineering Profession. The same may said the great mass research 
work and refined studies now progress throughout the country for the 
tainment stresses structural members and shapes under all manner 
loading. should not forgotten, however, that actual conditions 
pleted structures cannot always reproduced the laboratory and that 
the design important works much relating adequacy must frequently 
personal judgment based knowledge past experience. 

for example, the writer holds that experience has not yet demon- 
strated the effect the quality and serviceability concrete through which 
there moisture sufficient quantity leach out 
lime. resulting efflorescence deposit frequently seen the under 


Cons. Engr. (C. Grunsky Co.), San Francisco, Calif. 
Received the Secretary, November 14, 1928. 
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surfaces short-radius, multiple-arch concrete dams. Does conerete through 
which moisture penetrating under high pressure lose strength? and, 
tion well further questions relating the effect such circumstances 
waters varying mineral content. The engineer this case compelled, 
for the present, supplement his determination strains fair 
ment personal judgment. 

The same true making assumptions-relating hydrostatic uplift 
under dams. The upward pressures cannot determined the laboratory 
for any particular full-sized structure. All that known, that those 
spots uncertain and indeterminate area under dams which water has 
relatively free access and from which escapes with difficulty there 
accumulation pressure that may approach the full hydrostatic head rep- 
resented the water surface the reservoir. 

illustrate, 1892 the writer was engineer and later consulting engineer 
California water supply project which the erection earth 
dam. was built foundation fissured tufa. The earth 
available for construction could not called first-class. lacked homoge- 
neity. The earth fill extended from the dam for some distance along the top 
low ridge. Soon after the reservoir was filled, part this low exten- 
sion where had height perhaps ft. became soft and sloughed 
off down stream. Familiarity with foundation conditions led 
determination the source water which had caused the saturation the 
down-stream third section the embankment, This source was disclosed 
when trench cut into the soft sliding mass reached point about under 
the down-stream edge the flat top the Here, from fissure the 
bed-rock minute quantity water was flowing. There was not enough 
fill goose quill. 

leaving the trench open for day two all the wet material out, 
and became apparent that there was other bed-rock leakage. minia- 
ture trench cut into the bed-rock and covered with concrete provided permanent 
drainage. Then, the slope the dam was restored. There has been fur- 
ther trouble. What had occurred this case simple. The fill and 
near its toe had been well compacted, was fairly impervious, and good 
with the foundation. Consequently, the water issuing from the fis- 
sure acquiring practically full hydrostatic pressure rose upward the earth 
fill and gradually saturated considerable mass the down-stream slope and 
caused the slide. 

Sound personal judgment great importance when the 
foundation for storage dam Moreover, it, appears 
clear that there will nearly always much doubt the 
magnitude the upward pressure under storage dams and generally 
applicable law can laid down. The upward pressure not necessarily con- 
fined the joint between the structure and its supporting foundation, 
horizontal cracks, but may find greatest development some depth below 
the base the structure. 
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The safe procedure assumptions its magnitude, but 
rather thorough drainage, not only the which massive 
constructed; but also the rock other material which rests. 
Thus; for example, the case the earth dam 1892 already referred to, 
wall was constructed across the creek channel about under the 
center the sump broken rock was’ provided the 
up-stream face this wall, from which pipe hillside trench led off the 
intercepted water. Months after the reservoir came into use, the discharge 
from this pipe was This very small quantity water 
and yet, the course time, might have saturated quite mass material 
within the dam outlet for had not been provided. 


the volume useful material that the discussion this paper has brought 
forth; will great help the solution uplift problems. The con- 
structive and helpful spirit all the discussors appreciated. The papers 
are clear and complete and require few closing comments. 

Mr. submits complete and interesting set data for the 
Pinhook Dam, which founded entirely These data indicate 
Bligh’s “line-of-creep” theory safe for this structure. The blanketing 
effect mud deposit over the river bed, found the Percha and Grand 
Valley Dams, again encountered here. 

Mr. akobsen§ particular attention the evidence that grouting and 
drainage not entirely relieve uplift pressures the case rock founda- 
tions. This fact believed generally recognized, but worthy 
further emphasis, caution those who may have too great confidence 
the effectiveness grouting. 

The discussion presented Terzaghi|| evidently the result 
very thorough comprehension the status the uplift problem. 
amplifies the original paper, explains some the observed phenomena and 
cautions against overconfident use the data. noted that the uplift 
for the Oestertal Dam high and drops approximately along straight 
line. The tail-water level not shown. Apparently, this dam not grouted. 

Mr. Stevens** notes that the drainage provisions American Falls are 
not properly described. Unfortunately, the writer does not have hand 
data showing the spacing and depth the drain holes actually drilled, 
The construction specify holes ft. centers required the 
engineer. 

Mr. agrees general with the analysis the original data, but 
joins some the others pointing out the improbability finding exact 
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homogeneity the underlying: strata. 

the Willwood and American Falls adds much 


believed good. 


impossible except pockets, because there must some 


contact between the dam and the foundations. His 
check those who may inclined favor the assumption 100% effec- 
tive area. seems reasonable. assume that when one solid body rests upon 


another there must some parts the areas water-tight contact, 
but until more information available the subject believed that the 


burden proving that such areas necessarily constitute per- 
centage the total area must fall those advocating the theory. 


Mr. suggests the possibility time measured values 
upward pressure. Undoubtedly, such effects exist, but the data hand 
are not sufficient for their determination. is, perhaps, unnecessary that 


there shall always marked lag pressure changes with variations 
head, after all the pressure cavities have been filled with water. Attention 
called the possibility that change strata, the Willwood Dam, 
may occur such way increase the uplift pressure. For 
example, dam founded generally porous rock, but with strata tight 
rock along its down-stream toe, would porbably subjected high uplift 
pressure. Such condition should avoided. 

Mr. Werner’s suggestion the relief means wide open 
contraction joints, illustrated Fig. particular interest the 
writer because certain studies recently made along this line. The security 


many the old Spanish dams found Mexico ‘to due 
this principle. these dams the separation carried farther than 


Fig. 30, dam ‘becoming wall supported ‘By 
inclining the up-stream face, and with conservatively, thick buttresses ‘and 


walls, theoretical saving much more the Mr. 


Werner can made with this type construction. 


Mr. emphasizes number reasons why given set 


observations cannot expected agree within themselves, show exact 


conformity with any given theory. computation. This discus- 


Proceedings, Am. Soc. E., October, 1928, Papers and Discussions, 2345. 

This principle uplift relief, combined with other advantages disadvantages, 
reaches its ultimate development for gravity type structure, Noetzli’s 
Buttress Dam,” described the latest edition and Construction 
Dams,” Edward Wegmann, Am. Soc. 

Proceedings, Am. Soc. E., October, 1928, Papers and 2354. 

Loc. cit., 2355. 
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sion followed the presentation data* showing the effect water tem- 
perature changes the uplift Sherman Island Dam. surprising 
note that almost 100% increase pressure shown from the lowest the 
highest temperatures. 

Mr. Lanet submits valuable new data and discusses, some detail, the 
effectiveness silt blanket the stream bed for reducing the uplift under 
dam founded gravel. The possibility taking advantage such 
apron design suggested. Such procedure practicable places where 
the blanket not subject disturbance floods. The discussion the 
impossibility grouting sandstone prevent filtration water through the 
body the rock interesting. Apparently, grout can used only close 
fissures and not tighten naturally porous rock. 

Mr. again warns against the possibility placing too much 
confidence experimental data. thinks that better eliminate 
uplift than make assumptions concerning its magnitude. Certainly 
issue can taken with this attitude, but all the available evidence seems 
indicate that present good practice the grouting and draining founda- 
tions does not uplift. 

Because many the discussions have warned against over-confident use 
experimental data word counter caution may not out place. 
research work too seriously unwise, and militates against progress. 
Data the kind submitted this paper are intended add the store 
knowledge past experienees, and this way assist the rendering 
“sound personal judgment”. 

With intricate and variable problem this kind too much 
expaet that simple set rules can formulated which will enable inex- 
perienced man pass the foundation for important dam. This the 
possibility which seems causing anxiety, and right that should 
guarded against; but doing should not forgotten that depending 
too implicitly upon “personal judgment” has led more then one disaster. 

The most essential new points brought out the discussions may sum- 
marized follows: 


1.—Foundation conditions given site are likely vary widely, often 
preventing concordance observations. This can only counterbalanced’ 
large number observations. Readings taken one two points are not 
dependable, they may contain local influences. 

2.—When new dam site being investigated largely matter 
judgment whether not similar another site for which uplift con- 
ditions have been determined. With greater accumulation data engi- 
neers may able judge this factor with more assurance. 

attempt should made improve present knowledge means 
for controlling underflow and uplift. Grouting and drainage, ordinarily 
practiced, reduce uplift, but not eliminate it. 

Proceedings, Am. Soc. October, 1928, Papers and Discussions, 
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See 151. 
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CONTINUOUS BEAMS OVER THREE SPANS 


commend Mr. for his interesting and valuable paper, even 
does fall far short meeting all the conditions practice. His Equation (1)§ 
fails that ignores restraints occurring the beam ter- 
minals and the connections with intermediate columns. 

means the method, the writer has developed formulas 
and compiled set tables covering continuous beams three symmetrical, 
two unsymmetrical, symmetrical, spans. Various cases relative 
column stiffness have been taken into account. Three conditions beam 
terminals have been assumed: (1) Ends hinged; (2) one-half fixed; 
(3) ends fixed. All column terminals have been assumed hinged, but the 
tables are readily adaptable the case fixed ends since the inflec- 
tion known point along the column) corresponds hinge. 
Hence, the relative stiffness factor for column with fixed ends greater 
known amount than that for one with hinged: ends. 

Referring Fig. showing three symmetrical spans constructed mono- 
with the columns, beam moments have been computed for Points 
and the supports; Points and the quarter, middle, and 
three-quarter points, respectively, the first span; and Points and 
the quarter, middle, and three-quarter points, respectively, the second span. 
The total moments absorbed the interior columns have also been computed 
and tabulated for all reasonable values the middle-to-end span ratios. The 
have been computed. 


Discussion the paper Oesterblom, Am, E., continued from November, 
1928, Proceedings. 


Prof. Civ, Eng., Univ. North Carolina, Chapel Hill, 
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Similarly, the case two unequal spans has been treated, being the 
ratio shorter longer span. Thus, the longer span, taken unity, 

Continuous beams four equal spans have been solved for 
moments and shears numerous points. The effect load practically 
negligible beyond two adjacent spans, hence beams continuous beyond five 
spans may solved with sufficient considering three, four, five 
consecutive spans unit. This statement particularly true for the usual 
case when the beam terminals are restrained and the columns are constructed 
with the beams. 


a 


Table 12, which typical, gives factors for the maximum bending moment 
Point the second support (Fig. -in continuous three-span construc- 
tion. Three conditions beam terminals are considered; that is, hinged, half 


fixed, and Five values the relative column stiffness, are considered, 


The upper left-hand corner Table 12, corresponding hinged-beam 
terminals and column restraint, embraces the special case treated Mr. 
Oesterblom Table 3.* 

The following notation has been used: 


stiffness upper intermediate columns. 


stiffness lower intermediate columns. 
Ss” 
average column stiffness. 
moment factor for maximum moment, M,, Point 
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(Symmetrical span arrangement; 
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beam 
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. 
rst First Second Third 
an spapb span span 
0.007 
0.010 
0.010 
0.011 
. 
0.011 
0.011 
0.011 
0.011 
0.011 
0.010 
0.010 
0.010 
0.010 
0.010 
0.010 
0.009 
0.009 
056 0.110 0.007 
054 0.144 0,007 
008 -163 0,006 
052 008 0.205 0,006 
008 0.228 0.006 
051 008 0.252 
008 0.277 0.006 
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order application Table 12, let assumed: (1) 
That the two end spans are each ft. and the middle span ft.; (2) that 
the beam terminals are one-half fixed the terminal moments are one- 
half the values for absolutely fixed conditions); (3) that the ratio average 
column stiffness that the end beam and (4) that the dead load 
per lin. the live load per lin. ft. beam. Then, 


and from Table 12, the values are follows 0.078 for 


first span loaded; for second span loaded; for third span 


Live moment (first second spans 


Considering now factors which Mr. Oesterblom gives for 
outside spans, the writer believes better deal with the mid-sections, 
for the sake simplicity. true that for the case hinged fixed beam 
terminals, the moment not quite maximum the mid-section (the max- 
imum being the left the center for hinged ends, and the right for 
fixed ends); yet when the beam terminals are one-half fixed, the maximum 
oceurs practically the center. any case, well have coefficients for 
all the reactions that shear and moment diagrams may easily 
drawn desired. 

Mr. say about different moments inertia* 
applies equally well the cases where restraints occur the beam terminals 
and column connections. These conclusions, however, are independent the 
long expressions (Equations and Thus, 
moment.of inertia the middle span only that the end spans, 
then stiffness one-half, just its length were doubled. Hence, 


the proper value (the ratio middle span end span) would dou- 
bled. The load the middle span, however, not doubled but remains the 
same, but the moment factor corresponding the middle span loaded should 


divided since the bending moment varies the square the span. 
The illustrative example given herewith was based the assumption 
equal cross-sections throughout. the moment inertia the middle span 
only one-half that the end spans, then this problem requiring the true 
total maximum moment (M,) would solved before, except that values 


the moment factor Table are found opposite 1.00. Then, 


the values are 0.069 for first span loaded 0.0085 for 


second span loaded; and for third span loaded; giving total 
0.0705. 
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Live moment (first and second spans loaded) 


Joun Am. Soc. (by writer has read this 
paper with much interest, and while (as the author doubtless well aware) 
does not, any means, completely solve the problem stress analysis 
building girders continuous over three spans, nevertheless, step toward 
advancing scientific design this field, merits the thanks all conscien- 
tious designing engineers. 

The paper serves emphasize again the fact that the road leading the 
accurate and scientific design structures long one and beset with many 
difficulties. Designers need, for example, great many more experimental 
data determine how far formulas, developed for homogeneous materials, will 
apply composite construction, such reinforced concrete. They also need 
vastly more knowledge the actual effects shrinkage and time yield such 
construction. Nevertheless, the fact that there are many important factors 
about which designers know very little can hardly serve reason for dis- 
approving any step, however incomplete, toward rationalizing the basic 
methods design, and this, the writer understands Mr. Oesterblom’s 
purpose. 

Since many important cases are not the paper, as, for example, 
those which marked asymmetry exists; which supports are yielding; 
important support moments are introduced the action columns walls, 
would appear that extension the investigation would very desirable. 
account the tedious character the calculations such special cases, 
this would seem excellent field for the application the mechanical method 
stress analysis means model structures, such, for example, 
developed and perfected George Beggs, Am. Soc. E., Princeton 
University, Princeton, the writer’s opinion that there large 
opportunity for useful investigation, not the field covered the paper, 
but many allied fields well. 


Cons. Engr. (Sverdrup Parcel), St. Louis, Mo. 
Received the Secretary, October 24, 1928. 
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THE DESIGN AIRPLANE WING-BEAMS 


Discussion* 


wing-beam subject critical axial load, which defined that load 
which will render the beam elastically unstable. should borne mind 
that the critical loading independent the fiber stress. This means that 
although rupture the spar may not occur, the structure will fail the sense 


that any more axial load will cause excessive deflections regardless the 
strength the fiber. The critical load, then, not the maximum load the 
structure will hold without rupture the material, but the load causing 
excessive deflections. 


The fiber the material the beam may the point rupture because 


bending stresses resulting from side load before any axial load applied. 
this case obvious that the structure will fail when subjected very 
small axial load. This would called, not the critical load, but the maximum 

load. general, the upper limit that is, 
the beam does not fail load reached because overstressed 
fibers, will then fail becomes elastically unstable. 


The for beam under combined loading may the same 
the critical load for the beam without side load. 
The stability two three-bay wing-beam can simply 


The criteria are given Tables and for conditions illustrated 


Fig. and (b), respectively. these tables, the length; the 


Discussion the paper Joseph Newell, Jun. Am, Soc. continued from 


September, 1928, Proceedings. 


Author’s closure. 

Dayton, Ohio. 
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Condition. Loading. 
1 


H W3=W, H 
‘ 


? 
j 


moment.of inertia the area; the loading per 
inch. 


the change transverse shear produced the axial load 
beam Professor Niles, 

Asst. Prof. Structural Eng., Mass. Inst. Tech., 


Received the Secretary, October 26, 1928. 
Proceedings, Am. Soc. September, 1928, Papers and Discussions; 
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“Mr. Roy Miller found cases which the sections perpendicu- 


the elastic curve was much 20% greater than that sections 


perpendicular the original location the beam axis.” 


While was realized when this paper was written that the axial load had 
effect the transverse shear beam, was then believed the 
order magnitude 3%, but certainly not greater than per cent. 

The fact that tests have since demonstrated this effect great. 
some cases, considerable interest and import designers, 
since necessitates their using wide margins safety the shear-carrying 
elements beams near points concentrated reactions. 
that the shear produced the load might very well 
sufficient, when added that produced the transverse load, require the 
use larger web members certain points metal wing-beams than would 
appear necessary were this effect neglected. understood that 
failure this kind has actually been encountered during the static test 
experimental metal wing structure built for the Army Air Corps, the 


members having been proportioned without regard the increment 


shear produced the axial load. 

would appear desirable, therefore, investigate the effect term, 
Equation (49)* all airplane wing-beams which web members 
show small margins safety under the “transverse shear” ordinarily deter- 
mined. This readily done differentiating the appropriate equations for 
bending moment, Professor Niles has indicated. 

That the effect shear deformations bending moments negligible 
practical wing-beam design satisfactorily demonstrated Professor Niles 
and needs 

Dr. Younger has invaluable criteria for the determination 
the stability instability two-bay and three-bay wing-beams (the 
types most frequently encountered practice) with cantilever over-hangs. 
understood that these criteria were developed for uniformly distributed 
transverse load combined with axial compression. Similar criteria could 
established, course, for other types loading. 

regretted that there are experimental data available establish 
the validity these criteria, and the absence such data not considered 
good design use wing-beam so-flexible that approaches the limit 
elastic stability. practically all cases where the stability subject 


question the value one more spans approximately equal to, 
greater than, Because the difficulty obtaining precise values for 

when approximately and because similar difficulties when 


approaches zero, the precise formulas give inconsistent results for 
moments the points support and the spans. value 3.0 might well 


Proceedings, Am. Soc. E., September, 1928, Papers and Discussions, 2130. 
Loc. cit., 2130 seq. 
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even with 3.0 use second differences when interpolating 
determine the values for Straight-line interpolation 


for less than 2.90, but even that range and are 


quite rapidly, that may occasionally desirable use more 
interpolation. 

The writer particularly grateful Professor Niles and Dr. Younger for 
their contributions his paper. Each has considered features not covered 
the original paper and has thereby enlarged its scope. the same 
each has clarified points which have been source worry airplane 
designers since this method analysis was first developed. 
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WATER RIGHTS 


Discussion* 


Am. Soo. (by some time past, the 
valuation water rights has been the subject extensive investigation and 
study, well judicial review. This subject increasing importance 
shown the widely divergent views and decisions, recent rate cases, and 
the present tendency legislative bodies the enactment statutes affect- 
ing rates, earnings, consolidation, and mergers. 

The writer’s understanding Mr. Field’s method valuation that 
first determines the total market value the outstanding stock and other 
obligations. From the result determined, deducts the appraised value 
the physical property and plant, the residue plus certain indebtedness being 
the value the water right. Without raising any question 
the reasonableness that value this particular case, apparent that 
the method determination contrary the generally accepted methods 
is, therefore, fundamentally unsound inasmuch its validity 
problematic view the decisions the Courts recent cases, 
and relates itself the fundamental principles valuation thus far announced 

one time valuation was defined determination, competent public 
authority the exercise governmental function, sum representing the 
property invested enterprise. This sum, however, would not 
necessarily represent indicate the relationship between the sum thus found 
and the property itself. 

Rate-making the most fundamental purpose valuation, because 
determines the earnings the enterprise; and these earnings, when determined 


and fixed, will establish large extent the commercial value that enter- 
1928, Proceedings. 
Cons: Engr., Washington, 
the Secretary, November 1928, 
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prise. The consideration the basis valuation for rate-making purposes 
involves the fundamental principles economics, political science, and lav, 
The method must sound from the economic point view, will result 
political science and National policy, great injustice may result the 


utilities, its patrons, and that part the public that has invested 
its securities. must judicially sound, constitutional legal rights 


usurped and the whole proceeding may invalidated, the power 
judicial review over such valuation has become firmly established American 
constitutional law. valuation based political expediency, however, 
deplored from point view and will inevitably result 
change the National policy the event valuation receives the 
approval the highest authority. 

apparent that theory to’ correct ranges from that the 
economist, which market value exchange value, the theory involving 
original cost the enterprise and the so-called prudent investment. 
submitted, however, that the judicial concept, far has been developed, 
not strictly “value”, and that judicial dicta, not judicial decisions, 
might construed support almost any one the theories that might 
adopted. will facilitate comparison these theories analyze the funda- 
mental economic principles which they apply and which they give varying 
and weight. 

Market theory runs valuation literature from the 
discussions the Georgia Commission, 1880, the present time and pur- 
ports the economist’s true concept value. process reasoning, 
can value exchange found advance; can only occur the event 
sale, and there sale, there value exchange. attempt 
determine this value exchange merely effort estimate what such 
value would might sale takes place. the case large utilities 
the so-called “market value” rarely ever determined, because such properties 
are rarely subject purchase and sale. 

The market value stocks and bonds does not necessarily indicate, with 
any degree accuracy, what the sale value the plant would be. The stock 
and bond quotations the market, are generally the result offers sell and 
bids buy such securities are offered for sale, and this floating supply 
usually represents only small proportion the total outstanding. steady 
and consistent demand and diminishing supply the securities might indi- 
cate negotiations for control the enterprise, and such might 
desired, required, for reasons entirely foreign the value the property. 
the other hand, large part the outstanding issues was thrown the 
market, the inability the market absorb them might result substantial 
decrease the prices quoted bid; and bids were made for substantially 
large blocks stock without corresponding release the part present 
holders, quotations would affected purchases for speculative purposes, 
without regard the value the property represented the securities. 


About the most favorable claim that can made for this theory 


that the market exact equilibrium (an almost impossible hypothesis) 
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the quotations. represent. the judgment. investors, speculators, 
what the earnings and the probable speculative value the securities might be. 
The shares mutual irrigation companies may represent, some 
instances, the fair value the property because this value sometimes repre- 
the amount the farmer willing pay for certain quantity water 
delivered the point use. 

The correlative theory sometimes suggested for rate-making purposes that 
capitalized earnings represent value. These earnings are sum representing 
the value the utility its present owners, and, while this factor may have 
decided bearing exchange value, not exchange value itself. This 
rule must inevitably disrupt the question reasonable profits, since involves 
the so-called vicious that the reasonableness rates the value 
the plant operating under reasonable rates. 

Original theorists hold the actual investment theory 
assumed that money was invested, they claim that the actual 
money outlay the basis value; but investment not necessarily limited 
this narrow meaning. can interpreted investment property 


purchasing power. This necessarily true and derives its sig- 
from the general changes price level. such changes had not 


there would have been necessity for any theory 
valuation, because investment terms money would have satisfied both the 


legal and the economic requirements. The primary objection considering 
investment terms money alone, that excludes artificially the rate 
base utilities, railroads, that are subject statutory regulation, 
from the operation economic laws, which are controlling the case all 
other classes business. rates are based investment terms money 
uch and the price level changes upward, regulatory rates would become out line 


with other prices, and the public would enjoy purely artificial advantage, due 
the accidental circumstance that the plant was built time low costs. 
Patrons then will continue that are unreasonably low compared 
with prices other classes business which they themselves are engaged. 
has been repeatedly held high judicial authorities that utilities subject 
statutory rate regulation are entitled share the general increase 
property values, and this rule seems less arbitrary and more economically 
sound than adhere slavishly the rule that investment terms money 
the proper basis. 


Such rule equitable, the price level declines, even the 
dollars received from the enterprise will less than rates were based 
the investment terms money, this will compensated increase 
the purchasing power those dollars terms other commodities. Money 
rposes, However, probably better than any other standard that might adopted. 
Assuming that utility investment should stable, more certain that 
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thesis) 


this should terms dollars than that should terms 
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While investment terms purchasing power would probably 
retically than investment terms property, would difficult 
ascertain and apply. The latter method will give nearly the same results 
the former and offers easier means determining cost reproduction 
present unit prices. Approaching the cost reproduction basis from the invest- 
ment angle, through the idea investment terms property, its merit, 
namely, that recognizes change price levels, the 
arbitrary and speculative features the method are eliminated. 

hard and fast rule, formula, laid down govern the valuation 
water rights, any plant industry. The appraiser must determine all 
relevant facts that have bearing the value and give due consideration 
all them. This rule was first handed down the Court 
the case Smyth Ames. This now famous decision, enumerates the items 
down any formula for applying them the results Court simply 
states that all these factors must considered and then there must 
reasonable judgment based consideration all relevant facts. The 
Minnesota Rate Case quotes this dictum with 

Water Rights Must question often “Should water 
rights valued”? clearly settled numerous decisions the effect 
water rights have been reduced private ownership, either 
appropriation, purchase, such rights must valued, the case 
other privately owned property. (See San Joaquin Co. Stanislaus County, 
233 454; Spring Valley Water Co. San Francisco, 192 Fed., 137.) 
water right private property and rate case the owner entitled 
have the value such right included the rate base. However, distinction 
should made between water rights that have been reduced private 
ship and contract rights for water. The Supreme Court, the 
apolis water case, includes the value water rights the total valuation. 

because the statutory provisions the State laws. Some provide that tof 
reduce appropriated water rights private ownership, the water must put 
beneficial use; only much put such use, becomes the property 
appropriator provided, course, that this beneficial use not limited by, 
conflict with, prior appropriations from the same source supply. 

Part Land the water rights are incidental the ownership 
the land, appurtenant thereto, they should valued part the land 
rights may classified follows: 

Those which the source water the land, and controlled 
the ownership the land, such percolating waters, springs 
from which water does not flow, storm waters impounded 
reservoirs. 


(2) Those which the source water other land, but the right 
use has been attached owned land. 


will observed that the first case, the water right inheres land 


the land were sold, the water right would pass with the land unless 

reserved the grant, the case reservoir land and storm water. 
the writer’s opinion that water rights this nature should valued 
part the land. This condition may vary the different States, due State 
laws. 

The question does not arise with respect rights appropriation, because 
ownership land not necessary order acquire and retain right 
appropriation. Such rights have value separate and distinct from the value 
any land. 


Commissioner Loveland, his opinion (Santa Cruz, 1915, 768, 
page 792), states: 


ems natural stream appropriator, who did not own land connection with 
ying such appropriation. The evidence this proceeding shows: First, there 
live stream second, the doctrine riparian rights and appropriations can 
applied this case; third, the water company not the owner land con- 


nection with such diversion water. the opinion that the water rights 
have value separate and distinct from the lands. 


after considering these different elements value, recommend 


that some such sum allowed these water rights must have cost pur- 
chased to-day.” 
Value the writer the opinion that water right should 


valued the source of-supply. The water itself may diverted from the 
original source and may led for long distances through ditches pipe 
lines and put beneficial use some other point. Nevertheless, appears 
equitable that the proper value the value the source and not that the 
point use. This well sustained the Courts for (in Spring Valley Water 
Company San Francisco, 252 Fed., 979, 984 (1918)), the Court has stated: 


Under such circumstances allow the company the full value 
water-shed and storage reservoirs and add thereto the value the water 
when collected and stored place double burden the rate payers. The 
plaintiff undoubtedly entitled the full value its storage facilities, but, 
addition thereto, only entitled the fair value the water rights their 


Elements Value Considered.—Cost.—Some the State commis- 
sions seem unduly influenced the theory that, originally, the States 
permitted rights appropriation freely acquired. They conclude that 
not the public interest permit these water rights valued, 
rate-making cases, sum excess their cost, regardless the fact that 
the right question may have value entirely different exchange con- 
demnation proceedings. presumed that this predicated the theory 
held some commissions, that only actual cost the utility can assigned 
franchise rights. The writer unable, however, identify water right 
reduced private ownership (even though such ownership rests 
utility under governmental regulations) with franchise right. 

its first decision involving the value water right, water power 
right, the California Commission held that the appropriation was made for 
public use (apparently public utility use), was held trust for the public, 
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and that the gift donation the public could not against 
it. the other hand, the appropriation was made for private use and 
later acquired the public utility, should valued its cost the utility. 
(See Northern California Power Co., Cal., After the decision 
the Supreme Court the San Joaquin case, that body frequently took 
deplore that holding -(see San José San José Water Cal., 
missioner should make such finding believes fair, “always lim- 
ited what thinks will permit, which higher’ authority 
many instances, are led believe, does not give the conscientious thought 
this subject which should.” some its subsequent cases, while the 
written opinion was orthodox, impossible determine what sum was 
included the valuation the whole property for the water rights. Ap- 
praisers cannot, however, escape the decision the Supreme Court (San 
Joaquin case) that the cost the right immaterial and that the Supreme 
Court Idaho held (see Murray C.) that the cost may considered, 
but not conclusive value. 

may even admitted that the water right were valued at, near, the 
date its acquisition, the cost might indication its value. 
the cost the right was small, its value was probably small, even though its 
utility and potential future value was high. Subsequent thereto, changes have 
usually occurred such extent alter completely conditions surround- 
ing the right. Furthermore, there generally quasi-monopoly feature 
water rights well land, since the supply usually limited and the 
demand developing community increasing. The utility the right 
for particular purposes may have greatly increased; its irrigation utility may 
have become higher, due improved market conditions for crops, changes 
the art, cultivation, and the development new crops, thereby making 
more profitable irrigate, and increasing the amount the farmer can afford 
pay for water. Additional different utilities for the use the water 
may have developed. All these changes enter into the changed value the 
water right and preclude the possibility using the cost value. Moreover, 
the owner (whether individual public utility) the in- 
creased increment value. can said that there any more 


reason for confiscating this increment the value water rights which 


accrued private ownership, than for confiscating the increment land value. 
Next Available method advanced some authorities the 
use the capitalized savings over the cost bringing water from the next 
available source. This can only based the assumption that the right 
worth what would cost bring water from the next available source and 
convert the same use which the water right under consideration 
devoted. This assumption seems contrary fact, and its effect might 
pyramid the strategic value the right use, result which indefensible 
under the decisions heretofore discussed (Spring Valley Water supra). 
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Even conceding that the water must brought from the next available 
source, this method purely relative and gives consideration 
the utility the right being valued, being concerned only with its relative 
utility terms the utility another right. The value the second right 
can only measured, this method, terms the value third right, 
and on, infinitum. this theory has any merit all, can extended 
produce value, determined the savings over the most expensive source, 
rather than over the least expensive. This method with 
Court this subject. 

the case Brunswick Maine Water (99 371), was 


condemn the property the Water its water rights, 
and the Court said: 


water company undertaking supply community with water 
practically natural facilities. there more than one source supply, 
other things being equal, the community entitled have the expensive 
nearer source the Company ought not permitted charge 


higher rate based upon the expense bringing from farther and more 
expensive source.” 


Furthermore, this method, being purely relative, can reversed and the 
water right, not being appraised, conceivably given negative value 
when compared. with zero for the right being valued. Having adopted this 
comparative method, the question is, which the sources shall taken 
the standard, the one which the utility would use the exercise ordinary 
business judgment, the one which might use were imprudent enough 
otherwise. the absence elaborate survey all visible and under- 
ground resources, there definite assurance that the assumed supply is, 
fact, the next available source; and all this assumption were definitely 
assured, the theory still invalidated the necessity valuing the right 
its source and its natural state. 

Substitute Plant somewhat similar basis sometimes adopted 
is. the saving the cost operating water compared with coal oil 
valuing water-power rights. This covers more ground than the “next avail- 
able source” method, that resorts substitutional means manufac- 
turing electrical energy. Some decisions can found that favor this 
measure value, while others disapprove for the following reasons: 
only; unstable that its value reflected the changing 
prices the fuel; and deprives the public all benefit from natural 
resource which they are adjacent. Some commissions hold that this saving 
should shared with the consuming public, while the principal 
ments against found the decisions that results the maximum 
possible value and that ignores the all-important, element supply and 

Market Value Test.—Practical economics, long line 
Court decisions, appear demand that the market value water right 
the true test, That is, the true market value determined from consider- 
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ation all relevant facts view all their available uses and all the cir- 
cumstanees affecting their value. 

important distinguish between the market value the right and 
its utility, usefulness, the owner user. Market value may denom- 
inated value exchange and can said determined the varying 
utilities possible purchasers and affected the doctrine supply and 
common example the distinction between value and utility, 
the air. Its utility inestimable, since life can exist without it, while its 
value nothing, since there more than enough air for all who require it. 
Another example water; most Eastern States, where the supply greatly 
excess the demand, practically value, but its utility great. 

water right has utility sustain life, another utility for domestic use, 
another for railroad purposes, another for irrigation purposes, another for 
developing electrical energy, and another for stock raising. These utilities 
vary considerably value, and represent what worth users water for 
the purposes indicated. The utility seems logical starting point any 
computation value which may said ratio between supply and 
demand, operating the highest utility represented the market. 
recognized, course, that the adaptability water right for uses 
necessary element the determination market value, but its adaptability 
for any one particular purpose, its usefulness for that purpose, does not 
necessarily govern its market value. condemnation cases, clearly 
established rule that the object the inquiry the market value the prop- 
erty taken, view all its available uses, and not its usefulness its present 
owner, the taker, any other person. 

The market value water rights will vary widely different sections 
the country, because sections normal such rights have little 
commercial value for ordinary purposes, while arid desert sections 
almost any water right has very decided value. The writer had occasion 
undertake the valuation water right the arid semi-arid sections 
New Mexico, and gives herewith the salient factors used the determination 
its value. This not put forward any sense criterion universal 
method, but submitted one method valuing water right this 
character. 

water right owned the Paso and Southwestern 
Railroad Company, which extends from Santa Rosa, Mex., general 
southwesterly direction, through Paso, Tex. The line located along the 
eastern slope spur the Rocky Mountains and traverses both high 
rolling and extensive flat arid area, mesa. 

This vast desert area, almost barren vegetation, except for the usual 
desert mesquite growth, practically without natural drainage, with the 
exception small streams which originate the slopes the surrounding 
mountain ranges during the short periods rainfall and snow melting. From 
Santa Rosa westward, the railroad constructed the desert uplift, until 
the Corona Divide reached (about Elevation 6725). lies within what 
known the Tularosa Basin, which extends from this point the southern 
limit the mesa east Paso, 
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From study the map New Mexico, will seen that the eastern 
part the State drained the Pecos River, with its head-waters small 
tributaries originating the mountain ranges San Miguel County. This 
stream flows south, crossing the railroad near Santa Rosa and passing well 
the east the Sacramento and Sierra Blanca Mountain Ranges. central 
part the State drained the Rio Grande, with its head-waters the 
mountain ranges Taos County. flows south into Texas, crossing the 
railroad Paso, and passes west Oscura, San Andres, and Organ 
Mountain Ranges. 

The Tularosa Basin lies between areas. flanked 
the west the San Andres, and Organ Mountain Ranges, and 
the east the Jarilla, Sierra Blanca, and Sacramento Mountain Ranges. 

According rational conception geological reports, the present Tula- 
was, ages past, the peak great uplift which divided the 
drainage the Pecos River and the Rio Grande. Subsequent settle- 
ment created low valley with rough and rocky mountain ranges either side 
and from the deposits ages, this basin was formed gently rolling mesa. 
The rock strata the mountain ranges the western side the basin 
slope toward the west and those the mountain ranges the eastern side slope 
toward the east. Thus, the seepage water from the western range finds its way 
into the Rio Grande drainage area and that from the eastern range flows into 
that the Pecos River, barrenness approximately miles 
wide and about 150 miles long, which without drainage outlet any 

The foothills the surrounding mountains and the floor the Basin 
itself, are underlaid with strata limestone and gypsum deposits, while the 
surface highly impregnated with salts and alkali.. Extending miles 
west from Coyote, Mex., Lincoln there plainly visible 
ancient lava flow from voleano now extinct. This lava flow south 
parallel the railroad for approximately miles. this point, small 
stream emerges from beneath the lava bed. The water, however, impreg- 
nated with salts, gypsum, and alkali unfit water stock, for domestic 
use, for use steam boilers. Immediately south the lava bed are located 
extensive beds powdered gypsum, which offer striking contrast the 
black lava flow when viewed The Tularosa Basin 
average rainfall general desert country. said that consti- 
tutes the largest inland basin the North American Continent with abso- 
lutely run-off. 

Bonita Water right one appropriation from the waters 
Bonita and Eagle These creeks constitute part the Hondo 
River drainage area, which flows into the Pecos River near Roswell, Mex. 
The water has its source the upper reaches White Mountain Peak (Eleva- 
tion 12000) which part the Sierra Blanca Range. The lower part 
this mountain contains vast deposits gypsum and limestone strata, both 
which are soluble water and, when dissolved, produce hard water that has 
tendency form hard scales when used steam boilers. The upper part 
the mountain composed almost exclusively hard granite formation 
which contains little soluble matter. 
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Prior the diversion this water for boiler use, the railroad taken 
water from the Pecos River and from drilled wells. The water thus obtained 
was unfit for boiler use, and efforts treat chemically failed the extent 
that the treating plant and the Pecos River supply were abandoned. The 
water from Bonito and Eagle Creeks admirably suited for boiler use since 
comes from the melted snow the mountain and contains only slight 
chemical content. This water conveyed gravity pipe line, from intakes 
Bonito and Eagle Creeks the Nogal storage reservoir. From the reservoir, 
flows gravity the railroad Carrizozo and Coyote, Mex., total 
distance approximately miles. From this point the water pumped 
north along the railroad Vaughn, distance approximately 100 miles. 
The Nogal storage reservoir has capacity approximately 000 gal. 

the time the carrier decided develop this water for railroad purposes, 
part had been appropriated farmers, who were putting bene- 
ficial use irrigating the small farms the valleys along the creeks. The 


quantity water thus used unknown, because regular system measure- 


ment had been practiced. 1907, the carrier purchased all the irrigated lands 
Eagle and Bonito Creeks far east the Fort Staunto Military Reser- 
vation, and abandoned the use water for irrigation purposes order 
divert the water into the pipe line. 

The purchase appropriation, completed its title sec-ft. 
water from Bonito Creek and obtained authority from the State change 
the point diversion and convert the water from irrigation railroad 
use. also perfected its title sec-ft. water from Eagle Creek with the 
right use for railroad purposes. The only adverse user water from 
these creeks the Military Reservation, which entitled gal. 
annually. Under agreement with the Federal Government, the carrier 
constructed branch pipe line about miles long, and for the use the 
Military Reservation. 


the time this appraisal was made, the annual flow Bonito Creek was 


more than the quantity water which the carrier entitled, while the 
annual flow Eagle Creek insufficient enable the carrier obtain its 
legal share water. Thus, the water which the carrier entitled 
000 000 gal., while the water actually available the carrier is: 
Bonito Creek........ 5.000 sec-ft., gal. 


sec-ft., 1979 000 000 gal. 


At, the time the full quantity water the car- 
rier entitled, was not actually diverted from the streams into the pipe line, 
because that quantity was then excess the actual requirements the 
railroad. The road, however, holding this water for future needs, and 
provide for storage for use the dry seasons. 


accomplish this purpose, water stored Nogal Reservoir during the 
period when plentiful, The water excess the capacity the pipe 


lines 
whic 
appr 
write 
was 
pare 
for 
the 
valu 
gatic 
mea 
acre 
acre 
clud 
gati 
all 
pose 
sho 
yea: 
irri 
rier 
irri 
Gin 


ined 
tent 
The 
ince 
ight 
akes 
voir, 
total 
gal. 
The 
sure- 
ands 
eser- 


ec-ft. 
lroad 
the 
from 
gal. 
arrier 


the 


was 
the 
its 
is: 


lines permitted escape through the natural channel the stream and 
used the agent for irrigation purposes the Bonito Farms, 
which are owned the carrier. precludes the possibility adverse 
appropriations, through beneficial use others farther down stream. The 
writer informed that these farms are operated loss the company. 
was the appaiser’s opinion, however, that inasmuch the carrier should pre- 
pare for future expansion its business, with resulting increased requirements 


for water consumption, all this water should considered “used and useful” 


for transportation purposes. 

Value for Alternate Use the availability 
cient land consume, for irrigation purposes, the water owned the carrier, 
the measure value the water right would the difference between the 
the land with and without water. From minute study other irri- 
gation projects this locality, giving consideration the similarity average 


annual rainfall, was found that acre-ft. per annum would the correct 


measure the quantity water necessary irrigate acre land. Since 
8.346 sec-ft. equivalent 048 acre-ft., the water right would irrigate 021 
acres land. The difference value for the land was appraised $275 per 
acre. This produces value for the water right The writer con- 
cluded that this figure fairly represented the value the water right for irri- 
gation purposes and would fairly represent the cost the carrier, title 
all the water was vested private parties, and should the carrier attempt 
purchase the right its natural condition and develop for railroad pur- 
poses, the date appraisal. This figure does not give consideration 
the so-called excess cost acquisition almost invariably incurred 
the purchase condemnation real property. 

Some authorities believe that, inasmuch the water used for irrigation 
purposes for only about one-half the year, the value reflected this method 
should doubled because the carrier makes use the water for the entire 
year. will observed, however, that the acreage which the water would 
irrigate, based calculation the total quantity water that the car- 
rier would obtain from the flow the streams, for full year, under its right 
appropriation. order utilize the water that runs during the non- 
irrigating season would necessary collect and store for use during the 
growing season. The value the right would then decrease direct propor- 
tion the increase the cost storage and distribution the water. 

Original Cost.—The cost land, water rights, and pipe line easements 
(inseparable) the carrier was approximately The quantity 


which this purchase entitles the carrier unknown because its title 


car- 
line, 
the 


the 
pipe 


the water was afterward perfected through appropriation. This purchase 
was made sixteen years prior the date valuation. 

The writer made close investigation all water supplies the Tularosa 
Basin, and result this study reached the conclusion that other source 
supply was available that could have been secured reasonable money 
outlay. Three mountain streams, from which water obtained, were found 
exist: Luz, Fresnal, and Tularosa Creeks. 
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Luz Creek and Fresnal Creek originate the Sacramento Mountains 
Luz, and Alamogordo, and serve the two towns well the 
immediately sections. All this water was appropriated 
many years ago and would impossible obtain title except through 
purchase all the land entitled water, together with the improvements 
railroad obtains some water Alamogordo for $500 per month. 
necessary treat this water before using locomotive boilers. 

reservoir the Fall Ranch, located few miles Three Rivers, 
Mex., impounds the waters from smali streams originating the Sacra- 


mento Mountains. The carrier one time purchased water from this source 


annual basis; subsequently, purchased permanent water right. 

The carrier owns the water supply Orgrande, Mex., which taken 
from the Sacramento River and conveyed pipe line reservoir the 
Jarilla Mountain, from which flows through gravity pipe line the rail- 
road track. 

small stream water originating mountain springs, brought into 
the Town Tularosa open ditch and owned the town and its inhab- 
itants. 

other points, deep wells had been drilled secure water. These ranged 
from 850 1400 ft. depth. The water obtained depth less than 
1000 ft. was generally gypseous and contained approximately 3000 parts 
incrusting salts per million. below this level, while not extremely 
hard, had concentration soluble salts about seven times that sea water, 
and contained calcium and magnesium large quantities. The well water 
was generally unfit for boiler use. 

Investigation developed the fact that water was sold from the Tularosa 
supply for irrigation approximately $1-650 per water right. “water 
right” (which was sold part the land) was found that unknown 
quantity water required irrigate acres. While the Tularosa right 
somewhat removed from the territory the Bonito water right, and the two 
problems are not identical, described herein general information regard- 
ing land and water rights this section. 

Sale Water Right from the Fall Right the was sale 
daily flow gal. water for $45 000, the rate $600 per 


1000 gal. daily. The sale price includes 3-in. pipe line about miles long. 


The agreement provides that the grantor shall have the joint use the pipe 
line with the carrier, but must deliver the carrier 75000 gal. daily. The 
water delivered the track, point use, and not its source. The 
writer applied ‘this sale the Bonito water right follows: Available 


supply, 421 000 gal. daily; capacity pipe line from intakes Nogal 


voir, gal. daily; and capacity pipe line from reservoir the rail- 
road, 500 000 gal. daily. Delivered the point use the rate developed 
the sale gal. daily results value From one point 
view, the Bonito right more valuable than the Fall right, due the fact 
that insures supply water during periods protracted drought, and 
provides for the carrier’s requirements the expansion business. the 
other hand, the Fall right may considered more valuable, for similar 
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quantity water, because only necessary pipe this water about miles, 
while the Bonito right requires pipe line miles the first point use. 
The writer the opinion that this sale does not represent fairly the value 
the Bonito water right, its natural state. That the value derived this 
analysis the Fall sale fairly close the value developed for irrigation 
purposes, merely coincidence. Were the carrier’s present requirements 
reduced one-half and that quantity delivered the railroad, the value de- 
duced the application this sale price would reduced one-half. 

The carrier received 1918 offer from the “Ruidoso Water Users’ 
Association”. The Ruidoso River tributary the Hondo and few 
miles south Eagle Creek. This offer was for sec-ft., valued $300 per 
acre, 000-acre basis, $900 000. The writer believes that the offer was 
based erroneous assumption. Four second-feet would irrigate about 
1500 acres land and not 000 acres. this basis, the carrier’s water right 
would valued 877 850. 

Considering the cost operation the railroad prior the development 
the Bonito water right and comparing the cost after the water from 
this source was put into use, and then capitalizing the difference, the result 
would value approximately 000 000, were assumed that all the 
savings operating expenses were due the use this water. seems 
quite probable that the greater proportion the decreased cost operation 
can directly attributed the use the water. 

Consideration was given number sales water rights used for 
watering stock. These sales averaged $695 per 1000 gal. daily, based the 
purchaser’s requirements 000 gal. per day, which the quantity required 
for 560 head cattle, the maximum number that could watered from one 
spring. purchases this character, the rancher satisfies himself that 
will get range supply 000 gal. daily; not interested any greater 
quantity. would pay the same price for assured supply 7000 gal. 
daily would for supply several times that amount. 

After giving consideration all the conditions surrounding this water 
right, its available uses, original, cost, future requirements, etc., the writer 
appraised its source and its natural state. This was 
valuation for rate-making purposes. 
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HYDRAULIC STUDIES AND OPERATING RESULTS 
THE MIAMI FLOOD CONTROL SYSTEM 


Discussion* 


Jun. Am. Soc. (by paper, with actual 
measurements made during recent high waters, should important 
addition the Technical Reports the Miami Conservancy District. 

The author mentions that there was question what point between 
the middle and the top the conduit the head should taken com- 
puting the This point cannot determined theoretically since the 
outlet neither orifice nor open channel. The conditions below the out- 
let, therefore, must govern the point which the head should taken, and 
this can determined only experimentally. wide variety conditions 
may exist below the outlet, namely, the channel sides may parallel 
diverging and the bottom the channel may slope down from the outlet 
varying angles, may drop off sharply varying points below the outlet. 

This question was made the subject the Rose Polytechnic 
Institute, June, 1922. The object the experimental work was find 
the law which water flows through conduits, subsequently discharging 
into the air after passing through open channel which variable length. 

the case orifice the flow computed from the formula, 


trifle below the center the head relatively low compared the height 
the conduit. Fig. (a) shows this condition. the case open 
channel the head the ordinary channel formulas measured the sur- 


face the water. This condition shown Fig. 
Discussion the paper Am. Soc. E., continued from October, 
1928, Proceedings. 
Asst. Engr., St. Ry., Cincinnati, Ohio. 
Received the Secretary, August 16, 1928. 
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“Experimental Study the Flow Water Through Orifices Determined Con- 
ditions Below the Outlet,” DeBlois and Spencer. 
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The object these experiments was show where the the formula, 
should taken for different lengths channel beyond the 
outlet, using relatively low head. Lack time permitted only the testing 
3-in. square conduit with parallel channel sides and horizontal 
channel bottom. The drop-off lengths beyond the outlet were 14, 12, 
18, 24, and in., respectively (see Fig. (c) and Fig. (d)). 


4 


channel bottom 


PLAN 


Entrance 
to conduit 


Channel sides 


(d) ELEVATION 
Fic. TEST APPARATUS. 


The tests were made determine the relation between, and the 
channel drop-off. Several readings were taken determine the coefficient 
the orifice which the condition where the drop-off equals 

The coefficient was computed from the formula, 


which, the head top and one side the square. 
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COTO 


Readings were then taken for channel drop-off lengths from 


ured flow water, the area the conduit, and the coefficient com- 
puted for the orifice. The equation solved for which shows where the 
head should taken for any particular drop-off. Test results are shown 
Table The subscript, denotes the bottom the conduit and the sub- 
script, the center. these are plotted show the relation the center 
the orifice the point where the head should taken for each channel drop- 
off, will found that the h-curve rises sharply for small drop-offs and 
approaches the surface -the water relatively short distance from the 
outlet. 


sion had cause congratulate the members the Miami Conservancy Dis- 
trict masterly series preliminary studies. This paper shows that they 
achieved their result, that practical performance agrees with that calculated 
design. 

The writer glad note that the two-wire suspension for current meters 
swift deep currents has been abandoned. stated 1923, depart- 
mental paper, that with that suspension the depth submersion the meter 
could not known. From simplified theory derived correction 
applied the length single-wire suspension, according the two observed 
inclinations the cable the point observation, (a) with the meter just 
under the surface, and (b) with the meter observing depth. Since then Dr. 
Phillips, the Egyptian Physical Department, has the correc- 
tion from more precise theory, and has confirmed experimentally. 
course best avoid the need for such corrections, described the paper; 
but uncertain that would possible extremely swift deep current, 
such that the Indus the Attock Gorge. 

The writer also glad learn that the head for calculating the discharge 
outlets has not been measured down the centers the orifices. Observa- 
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tions can used test the correctness the assumed position zero head. 
Unfortunately, the unavoidable error observations the kind made render 
certain determination impossible without more readings than are pub- 
lished; but the writer wishes demonstrate method that uses, which 
seems not generally known. 

discharges and water levels are plotted Fig. 5,* the scale for levels 
must small enough accommodate range ft. for Germantown and 
ft. for Englewood. then too small for reading the quantity required 
with sufficient accuracy and, furthermore, the locus curve. The latter 
difficulty overcome plotting the squares discharges. The only depar- 
ture from straight line then will that due any incorrectness the 
assumption that the discharge varies the square root the head; but the 
small seale remains. 

Table Columns (1) and (2) place observed discharges and heads 
Germantown order. Whether the assumed zero for heads more less 


2 
incorrect little consequence. Column (3) includes values 
and the next deducts the assumed head from this. The range the last 
plotted scale big enough read values with the accuracy required. This 
range not affected any incorrectness the value head far con- 
cerns deducting from Column (3). depends only the “scatter” 
the observations, and the correctness the value taken which does, 
course, depend the zero for head taken. 


TABLE 


~ 
~ 
~ 


470 9.80 8.88 —0.97 
12.15 12,91 0.76 
4617 16.40 15.62 —0.78 
936 18.55 17.86 
098 19.15 19.05 —0.10 
865 21.65 21.10 


The data Columns (3) and (4) are plotted Fig. 22. Because the 
each point supplemented line measuring the effect 
error the observed discharge. observed that the data are 
few that rejection any one makes appreciable difference the result. 

The “scatter” such that there considerable range choice for the mean 
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locus, with comparatively little difference “probability”. Two extreme 


alternatives are: 


The similar alternatives for Englewood are: 


Equations (12) and (14) entail change the zero point for heads, with- 
out change the multiplication factors. Equations (13) and (15) involve 


change multiplication factor well, calculated substituting for 


If, now, written for the head measured down the crown the outlet, 
the author’s formulas and the writer’s two alternatives become (Table 6). 


TABLE 
Germantown. 


Equations (12) and (14). ........ 
Equations (18) and (15) 


Proceedings, Am. Soc. May, 1928, Papers and Discussions, Table 


0.8 
Germantown 
0.35 
0.04 
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Equations (13) and (15) have the advantage that they bring the values 
Chezy’s down 156 and 168, making them more equal, and Kutter’s 
perhaps more probable values; but the disadvantage that the zero points for 
head show more difference than seems likely from the similarity form the 


outlets. This only emphasizes the fact that the data are insufficient deter- 
mine the factors correctly. 


have accrued from the Miami Conservancy Project the renewed strength- 
ened confidence the correctness conclusions based comprehensive 
research, broadened views, and experimental methods, even when they are 
applied such elusive subjects probable rainfall and run-off, routing 
floods, and advisable protective measures. The world-wide search for scien- 
tific data, the analytical and graphical rendering that information, the 
well-conceived hydraulic laboratory experiments, and the concurrent opinion 


experts their respective fields, all led the adoption designs 


have withstood the six-year test full accordance with expectations. 
effectively have these reservoirs and channels operated that their actual serv- 
ice flood protection has frequently not generally been under-estimated. 
Without regulative measures channel improvements one more the 
recent floods would undoubtedly have caused serious damage property 
some localities adjoining the Miami River; the new growth and prosperity 
the entire valley would have been retarded; and property values the dis- 
trict would have declined, according careful estimates, amount exceed- 
ing the total cost the protective system. 

reassuring learn that the discharge through the conduits exceeds 
the estimated values 14%, and that the open channels have some excess 
These results were anticipated when the errors uncertain- 
ties were thrown to.the side safety. fear need entertained account 
this surplus capacity. the storms and run-off should ever actually equal 
those assumed for purposes design (which are regarded beyond the prob- 


able limit severity attainable the Miami Valley), the influence the 


increased outflow from the reservoirs would reflected decreased depth 
storage the peak the flood. However, there the remote probability 
temporary obstructions, from poles uprooted trees that may lodge 
across conduit intake after the most violent storms, spite the pre 
cautionary measures now vogue for removing fallen timber cutting 
into short lengths. moderate excess discharge capacity should 
regarded advantage this project. 

Any one who views the administrative work progress the Miami 
Valley must impressed with the orderly methods used obtain new obser- 
vations and measurements, well portray and interpret the informa- 
tion. Outstanding among the impressions received the writer during 
inspection trip over the principal structures was the idea security where 
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the situation had long been precarious, and confidence, enterprise, and pros- 
perity which had followed wake flood protection. 
the main problems seem have been satisfactorily, there are details 
administration, maintenance, operation, construction, and minor improve- 
ments which are receiving constant attention. due time, these should form 
the basis for additional descriptive and analytical contributions the fund 
practical. engineering knowledge. The profession greatly indebted the 
Miami Conservancy District for the extensive research and publications which 
have been direct benefit more recent projects flood control, and, also, 
for the tangible example complete protection complicated situation. 


interesting the writer since had the pleasure working the project 
during most the design period. Although the measurements the discharge 
the Englewood and Germantown conduits indicate combined dis- 
charge about 500 sec-ft., instead the assumed the design, 
would mistake conclude that the same percentage error would result 
the discharges the conduits the other three dams. the latter, the 
“conduits” are simply openings through the bottom the ogee spillway sec- 
tion and are, therefore, short length. One the advantages this type 
outlet that the discharge nearly independent the roughness the 


small for small values especially when the conduits 


are large, since both and are relatively large. 


error estimating the roughness the concrete such conduits, 
therefore, has little effect. the roughness these dams was 0.0101 
instead designed, the discharge would increased only about 
Lockington and about 0.5% Taylorsville and Huffman. With 
assumption for the flow from the Lockington, Taylorsville, and Huffman 
Basins and the outflows indicated the measurements from the German- 
town and Englewood Basins, the flow Dayton and Hamilton would exceed 
the design values about only, and, therefore, need raise doubts the 
ability the system take care the flood for which was designed. 

The location shown Fig. especially favorable for checking the 
formulas for determining the difference elevation the water surface 
around bends.|| The mean difference elevation the two sides March 
21, 1927, shown data furnished the writer, was 0.091 ft. Let the 
difference water surface elevation the two sides the stream; 
the mean velocity 4.06 ft. per sec.; breadth stream 6.37 ft.; 
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acceleration due gravity 32.2 ft. per sec. per sec.; and the 
radius curvature the center the 4093. Then, approximately, 

Assuming parabolic distribution velocities with zero velocity the 
edges, dividing the channel into six equal strips and computing the dif- 
ference for each strip and totaling them, result 0.096 obtained. Con- 
sidering the difficulties accurate measurement the water-surface eleva- 
tions the field, these seem satisfactory checks. The computed differ- 
ence for the flow for which the channel was designed, about 1.3 ft. 
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DESIGN TALL BUILDING FRAMES 
RESIST WIND 


Discussion* 


endeavored give practical solution problem design which, its 
very nature, presents many obstacles. The numerous assumptions necessary 
bring the problem within the realm possible solution are grossly 
approximate, that any attempted refinement must excluded the grounds 
adding merely fictitious accuracy something which nevertheless 
unknowable. 

Interest centered primarily methods rational and economic design- 
ing rather than methods ascertaining the possible stresses induced 
wind forces given design, possibly based erroneous assumptions. 
stated the paper, the fundamental requirements economy and simplicity 
are quite well established and, therefore, would appear futile design 
any other lines. scarcely necessary apply some so-called accurate but 
laborious method testing poorly conceived design, merely 
fact which was knowable advance. 

The authors would lead one suppose that the stresses found applying 
the slope deflection method given design, represent true values. The 
writer suggests that even these values may much 400% error, due 
the stiffening effect materials other than steel which into the make-up 
building. Also, the assumptions relative the steel frame alone, such 
rigidity joints, changes lengths members, neglecting web shear, etc., 
may involve 50% error not allowed for the calculations. Hence, what 
useful purpose can served these accurate methods analysis? They 


Discussion the paper Albert Ward Ross, Jun. Am. Soc. E., Clyde 
Morris, Am. Soc. E., continued from October, 1928, Proceedings. 
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appear pretentious enough; but are designers justified claiming for them 
any extraordinary degree accuracy when applied tall building frame? 
The writer fully appreciates the value and scope application, all 
engineering structure. steel building frame engineering structure 
only long the frame bare; but when clothed with architectural cover- 
ings stone, brick, and concrete, with concrete floors, tile partitions, 
becomes composite structure the which cannot appraised 
terms mathematics. 
the Validity the fundamental assumptions 
which are based the methods stress analysis, may 
evaluated, approximately, follows: 


connections between columns and beams girders, are 
rigid. This may influence the resulting stresses 50% indicated 
strain-gauge measurements riveted connections. 

2.—The change lengths members due direct stress negligible. 

This may involve errors about per cent. 

lengths the members are the distances between intersections 
their neutral axes. This may affect the from per cent. 

4.—The member due internal shear negligible. Deflec- 
tions beams are usually about 10% greater when web shear considered. 

5.—The wind load resisted entirely the steel frame. this were true, 
tall buildings would sway the wind three four times much they 
actually other words, the architectural clothing probably increases the 
rigidity the frame from 300 400 per cent. However, preserve 
tenantable rigidity for tall buildings, dictates basing the design 
this assumption, besides adhering present working stresses. Thus, silicon 
steel frame with working stresses 30% higher than for ordinary structural steel, 
would result frame with 30% less rigidity for the same factor safety. 


The assumption that the steel frame resists the entire wind load has pro- 
duced certain empirical results modern buildings which must carefully 
weighed. before launching out new lines design. The resulting rigidity 
tall building constitutes important asset the owner, and the amount 
which the steel frame alone contributes this factor, despite this load assump- 
tion, fact relatively insufficient supply the necessity. Were not for 
the inherent rigidity the architectural clothing the frame, Assumption 
would seriously 

Without going into the details the deflection problem, mention made 
40-story building, the wind frame for which was designed the writer, 


the calculated deflection, the basis lb. wind pressure, with 


American Institute Steel Construction specifications for the bare frame, 
was found 6.5 in. The bent analyzed was 100 ft. wide 466.8 ft. high, 
with seven columns spaced nearly equi-distant. This bent carried wind over 
exposed width ft. such building, its completed state, was 
sway much in. the wind, might border financial failure from 


the 
at, 

lat 
los 
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the standpoint occupancy. This will approximate idea the propor- 
tion wind load carried the steel frame and that carried the fill material. 

Methods Design.—With regard methods design, the objective aimed 
at, terms economy and constructive simplicity, can clearly stipulated. 
Certainly, such aims can and should embodied the design with advantage 
over every other disposition that may made. The only feasible method 
design one based rational assumptions, economic principles, and 
enduring satisfaction proved by. actual results practice. The economic 
rules, admirably stated the authors,* have long since found adherents 
practice and form the basis for most building frame designs. 

The important stresses building frame are, follows: (1) For columns, 
direct axial and bending stresses due lateral wind pressure, combined with 
dead and live load axial stresses; (2) for beams, bending stresses due 
lateral wind pressure alone combined with those due dead and live floor 
loads; and end shears due wind alone, combined with those due 
dead and live floor loads. 

the points contraflexure the beams and columns can approxi- 
mately located, then all the critical wind stresses any given frame are 
readily found for purposes design without resorting methods based 
the theory elasticity. The theory elasticity used essentially locate 
these points contraflexure, but their location already approximately 
known, then this laborious operation can dispensed with. 

The maximum economy design for columns and beams, with respect 
bending stresses, attained when the points the columns are 
located mid-story heights, and the points contraflexure the beams are 
mid-points spans. With respect direct axial stresses the columns, 
the maximum economy obtains when all most the direct stress carried 
the outside columns, and little none the interior columns, condition 
which may attained appropriate division the total wind shear 
among the several columns any floor. 

investigation, such that made the authors, proves these statements 
true for bents equal spans and for all except the top and bottom stories 
The top story does not present any wind problem, and the bottom 
story separately treated greater accuracy desirable according 
the authors’ method slope deflections, still simpler method given 
subsequently. When the spans bent are unequal, further condition must 
imposed simplicity design preserved. For constructive 
reasons, the bending moments the ends all beams the same floor level 
are assumed equal, allowing the beam shears vary inversely their span 
lengths. 

The solution any frame now definitely fixed long the foregoing 
principles are not violated. The following steps will solve the problem for any 


given floor level as-illustrated Fig. and described follows: 


1.—Divide the total wind shear acting any story, that the two outside 
columns get equal amounts, one-half great for the interior 
Then, for n-columns and total horizontal shear, each outside column 
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will get shear, and each interior column will get 
n—1 
shear. 


2.—The beam shear the outside span then found from the shears the 
outside column immediately above and below the beam question, according 
the condition that the beam moment must equal the sum the two column 
moments. Since the beam moments the same floor level are equal, 
then for unequal spans the beam shears will vary inversely these span 


lengths. 


® 


4 
Fic. 9.—WIND STRESSES BUILDING FRAMES. 
Method complete outline this method, based 
assumptions first published Albert Smith, Am. Soc. E.,* follows: the 
have points contraflexure mid-story heights. floc 
2.—Beams have points contraflexure mid-spans. 
3.—Wind loads are divided that interior columns take equal shears col 
twice the amount taken each exterior column. All beam moments the 
same floor are equal. 
The following notation used: 
total wind load from roof down certain story. 
horizontal wind shear extended column mid-story height. 
vertical wind shear the center any beam. 
Stresses the Steel Frames Office Buildings,” Journal, Western Soc. 
Engrs., Vol. XX, No. 341, 1915. 


. 
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axial wind load exterior column. 
story height. 

span beam. 


All loads and forces are thousands pounds, and all dimensions are 
feet. The column moments, and the beam moments, are thousands 
foot-pounds, The floors should numbered from the roof down. 

The computations are tabulated the following order, writing values 
outline diagram the frame: 

1.—Find the wind loads, w,, w,, w,, acting the roof and the several 

floors. 

3.—Find the horizontal wind shears, one external column, 


equal for all beams the same floor. 


etc. 
the inside column moments double those the outside columns. 

9.—For equal bays, the inside columns get direct load. For unequal 
bays, the inside columns get direct load, 3," V’, 

preparing wind stress diagram, the following items only are given 
the diagram: (1) Beam moment for each floor level, constant for the same 
floor; (2) moments exterior columns; the moments interior columns are 
twice great; and (8) direct axial loads exterior columns, also interior 
columns when bays are unequal. 

The structural details for moment connections between beams and columns 
used the writer, are given Fig. and the corresponding Table and 
will found adequate for most buildings perhaps thirty-five stories. 

The assumptions which this approximate method based, are not seri- 
ously error except the first story, and, this case, the only modification 
that might desirable would select more appropriate point contra- 
flexure the first story, outside column, retaining all other assumptions 
for the stories above. Thus, the moment the base the outside first-story 


horizontal shear outside column from roof down story 


4th Floor 


(Unit 


Story 


3rd Floor 


- 


2nd Story 


2nd Floor 


1st Story 


ist Floor 


my, Area 


X,;=1 


Fic. ACCURATE SOLUTION THREE BOTTOM STORIES 
FRAME, CONJUNCTION WITH APPROXIMATE SOLUTION 
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sass 
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Web connection 


2 
Column —> 
TYPE CONNECTION TYPE CONNECTION 
BEAM AND COLUMN WIND CONNECTIONS. 


' M; X; 
4 
w X2 
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( 3 X3=11b. 
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embc 
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load: 
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(Unit stress bending, 24000 per sq. in. for wind moments; stress 
single shear tension for one rivet lb. for wind; 
for one rivet 10800 for wind; and for 
one rivet 14100 lb. for wind.) 


long: long; %-in long; 1-in. ong; long; 


000 000 000 16-in. 115 000 118 600 
in, 000 000 000 000 188 000 
000 000 000 151 000 197 000 

000 000 112 000 24-in. 172 000 226 000 
000 000 126 000 194 000 254 000 


accuracy than that afforded this approximate method, then Method No. 
suggested being much simpler than the one proposed the paper.* 
not depend assumed points contraflexure the columns, but does 
embody the other assumptions distribution the total shear among the 
columns, and that the beam moments are equal the same floor level (see 
Fig. 11). 

Method 2.—More Accurate Solution for Three Bottom Stories Frame 
Conjunction with Approximate Solution Upper wind 
loads, w,, and the horizontal shear, (Fig. 11) are those acting 
Column (A) only. The ordinates the (M), area are the cantilever moments 
the wind loads, w,, w,, and w,, and the shear, about the first, second, 
third, and fourth floor levels, respectively, assuming the frame cut 
vertical section through the points contraflexure the beams the first 
span. 

All external forces act Column (A) principal system with moments, 
follows: 


Hh, 
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The elasticity equations for the three unknown shears, and X,, are: 


i 
The integrals these Equations (30), are evaluated once for all, follows: 


The column moments are: 
and the beam moments are: 
Second floor, 


Third floor, 


Fourth floor, 


Problem.*—The total shear for the fourth story 6270 
270 

The wind loads, w,, for Column (A) only, are one- 

sixth the total wind load the respective floors. Inserting these loads and 


the dimensions into the area, the integral Equations (31) can solved 
obtain the following numerical elasticity Equations 


261 240 


Bulletin 80, Univ. Illinois Eng. Experiment Station, Fig. 20. 
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Solved with 10-in. slide-rule, Equations (30) give: 
Hence, from Equations (32a) and 


M,’ 41925 4800 —10875 ft-lb. 
19700 ft-lb. 

17500 ft-lb. 


Approximate methods design, which points contraflexure are 
assumed, yield moments the joints which may developed appropriate 
details for connections, and the writer maintains that such structure must 
function accordance with the disposition metal provided the design. 
There nothing seriously error with this procedure, and the only 
method available. 

the event that the structure capable offering sufficient internal 
work resistance (without being stressed beyond the allowable limits) 
balance the externally applied work, then the design must regarded 
adequate. This statement remains true even certain parts are overstressed, 
provided that certain other parts are sufficiently understressed, which case 
re-adjustment takes place between the several redundants and the principal 
members, resulting slight permanent deformation the overstressed con- 
nections. After such re-adjustment once established single instance 
maximum over-stress certain parts, the structure will function normally 
thereafter without again overstressing these same parts. 

Method Testing Given Design.—The analysis given design pre- 
sents entirely different problem and requires for its solution the applica- 
tion the theory elasticity, whether the form slope deflections, area 
moments, work equations, from which the redundants may evaluated. 
With the redundants determined from elasticity equations, the various 
moments and stresses become known. The points contraflexure are thus 
fixed, and the analysis locates them consequence the design. 

This merely reverse process the one which design based 
certain preconceived rational moments which are 
consistent with such assumptions, 

checked any approximate method based other assumptions. Hence, 
designer should particular state his assumptions and the method used 
arriving his design, that another person could check the numerical 
work the same assumptions. Thus, suppose building frame designed 
Fleming’s Method No. and the this information someone 
attempts check the design some other method, Fleming’s Method No. 


198 


II. This would result grossly misleading contradictions without revealing 
any actual errors. already mentioned, designers are vastly more interested 
rational methods design—even though they are approximate—than 
accurate methods analysis applicable poorly conceived design. the 
latter case they would merely discover that laboriously conducted analysis 
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would require re-design and repetition the same laborious analysis. 


Lower ror 30-Pounp Loap 


MoMENTs CoLUMN 
(A), THOUSANDS 


Total 
wind 
load, 
(80 
per 
880 
3.28 
8.58 
3.46 
8.87 3.88 
10... 960 8.96 
4.38 4.20 
4.32 4.22 
4.58 
5.64 4.69 
4.80 5.05 
5.07 
7.04 7.02 
6.90 6.82 
7.82 
7.52 
8.36 8.02 
7.56 7.80 
9.42 9.50 
2... 140 9.50 
8.96 |10.28 


Twenty-story building, Fig. Wilson and Maney, 80, Eng. Experiment Sta- 


tion, 


22.67 


Univ. Illinois. 


Method No. 


6.74 


7.26 


7.62 


9.25 


8.91 


(B), THOUSANDS 


method. 


25.68 


Ross Method. 


12,49 
18.44 


13.68 
14.65 


15.89 


15.62 
19.05 


18.30 
21.79 


27.14 


Molitor Method 
Fleming Method No. 


7.20 
7.92 8.07 
8.71 
9.86 
12.66 
|19.05 


28.60 
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thod. 


e-deflection 


me 


Slop 


Ross Method. 


11.46 
13.55 
17.80 


25.38 


Molitor Method 
Fleming Method No. 


9.00 9.06 
9.84 9.54 
11.10 
18.15 
14.18 
15.11, 
17,80 
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3.88 
7.92 8.06 8.28 8.07 
4.28 
4.66 
10.62 10.49 9.74 
10.17 |10 
11.25 
13.50 14.21 
14.67 
14.46 15.59 
the 
15.17 16.92 
18.87 mon 
q \ 


ORRELL TALL BUILDING FRAMES RESIST WIND 199 


Nobody warranted expending the effort required for 
accurate analysis tall building frame because, practice, the result 
probably more trustworthy than that obtainable simple, rational, 
approximate method. The writer’s Method considered rational, and more 
practical than any the other approximate methods. 

Table was compiled illustrate relative merits results obtainable 
the four methods compared. Methods Nos. and III were 
omitted being less rational. There little, any, choice between the 
tabulated results, hence, from the designer’s standpoint, they are either equally 
accurate equally erroneous. 

Since the writer’s Method based primarily economic considerations 
well simplicity, the advantages accruing from its adoption are distinctly 
practical and mean dollars saved the owner building. 

rather strange that the authors did not select the approximate 
herein advocated, representative instead the Fleming methods which are 
less rational and considerable variance among themselves. 

should noted that the slope-deflection solution well the Ross 
and Morris method, the larger discrepancies, especially the column moments, 
are due the abrupt changes moments inertia the columns, where the 
upper section just below splice, always excess area. all approximate 
methods, where moments inertia are not given accurate consideration, such 
effects are obscured, well they might be. 

The peculiar the authors’ approximate method, 
which prohibit the use slide-rule for the solution equations, points 
element danger which should not overlooked. Well-balanced elasticity 
equations such those the writer’s Method are readily solvable with 
10-in. slide-rule and the writer has usually obtained accuracy about 0.2% 
with many sixteen equations. 


ment that exists between the results obtained the use the authors’ method 
and that Messrs. Wilson and might lead the belief that these 
results are agreement with the actual wind stresses the frameworks which 
have been analyzed skillfully. 

The authors have reviewed§ the five assumptions which the theory the 
slope deflection method based. any these assumptions incorrect, 
then the results obtained both methods analysis will equally incorrect. 

The writer the opinion that Assumption (2)§ not, universally true 
and may open grave doubt. The effect due the change length 
the girders negligible, but the effect due the change the 
columns may have considerable the magnitude the bending 
moments the columns and girders building like that the American 
Insurance Union, which the deformation Columns opposite sign 

Manchester, England. 
Received the Secretary, October 24, 1928. 
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Fig. the writer has shown the girders the third-floor level and has 
marked the total vertical deformation the columns with regard the 
original level the floor dA, dB, These represent the 
deformations from the third floor the foundation. 
joins the points, and A,, then the effect the deformation the columns 
due direct stress will negligible. the case the American Insurance 
Union Building the points, and are some distance from the straight build 
line. will 
auth 
ques 
for 
slope 
12. tion 
men 
crude method estimating the effect these deformations regard 
the five girders which are rigidly riveted the columns forming one girder poin 
having variable moment inertia. such girder, originally straight, 
the bending stresses developed it, far from being negligible, will obviously eral 
considerable magnitude. The effect the columns will decrease the 
the bending moments some places and increase them others, but the 
writer suggests that the bending moments both columns and girders are met 
worthy serious consideration. app 
Above the third floor the moments inertia the girders are reduced but, 
the same time, the vertical deformations the columns steadily inerease mac 
from the foundations the summit the tower, that the resulting bending 
moments will probably importance all floor levels. bra 
would greatly increase the complexity the calculations attempt 
introduce the effect the direct stresses the general calculations, the cha 
writer suggests that form approximate estimate the wind stresses and 
building two sets calculations should made: One the authors’ method, met 
and another set giving the bending moments the columns and girders due 
the elongation compression the columns from direct load stresses, the 


values the direct stresses taken from the first set calculations. 

the case the twenty-story building the deformations the columns 
the windward half are all the same sign (plus) while those the leeward 
half are all the opposite sign (minus). Consequently, the effect deforma- 
tion due direct stresses will less importance this building than 
the American Insurance Union Building. 
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This valuable paper will regarded classic and the method ably 
described will widely used. The writer believes that will add greatly 
its value the authors will analyze the two buildings for bending moments 
that are caused the change length the columns due direct stress. 

This will demonstrate beyond the peradventure doubt whether the 
authors’ method actually gives results which approximate the real stresses 
without any modification; whether the method applies different types 
buildings; and does not, what extent modifications are necessary. 
will also demonstrate whether, actually, “the change length member, 
due the direct stress it, when such member forms 
column steel framed building. 


careful attention wind stresses buildings will emphasized the 
authors’ presentation this paper, but the use their general method 
questionable without modification and better understanding the limitations 


its application. should understood that the method therein outlined 


for design assumes ideal conditions, which very often not exist. 

The writer wishes call attention substantial errors adopting the 
slope deflection method for the solution this problem. The authors’ Equa- 
tion covers the basic principles the slope deflection method for 
member subject flexure, but represents the maximum moment the end 
the member, while none exists building column there because 
point contraflexure. was made treatment the theory 
slope deflection Wilson and Maney. Concerning the application the 
principle involved, the statement made that “Equation (A) gen- 
eral and may applied any length any member bending provided 
the length considered has intermediate external force applied it.” 
the latter part this statement which has been violated applying the 
method building columns where the effect brackets constitutes the 
column with wind-bracing does not have one elastic curve, the curve being 


three parts having different equations, one each end and one 


between. The changes the elastic curve are due the loads from the 
brackets. The maximum moment the column near the ends the 
part the bracket attached the column, and this point where the 
change occurs the elastic curve, some distance from the end the column 
and Point Fig. 4.** This constitutes second error using the general 
method slope deflection for the solution the problem. 

The confusion arises from failure discriminate between rotation the 
joint free body and moment one the members, and the application, 
Proceedings, Am. Soc. E., May, 1928, Papers and Discussions, 1397. 
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Received the Secretary, October 29, 1928. 
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the solution, the general equation for member under flexure. Point 
Fig. that the maximum moment, but the center rota- 
tion the joint, whereas moment exists there the column. The problem 
actually solved, mainly some different assumptions the authors’ seven- 
paragraphs under the heading, Outline Used in. Design”,* 
way reduce somewhat the effect the two fundamental errors. The 
authors found some discrepancy their method when compared with the 
others mentioned them, and that they found necessary adjust 
arbitrarily their calculations for the shears the columns, 
all.of which may due the two fundamental errors. 

The writer wishes call attention the important effect the brackets 
the relative stiffness both the columns and girders, which, turn, affect 
the distribution the total shear the story between the various columns. 
The authors have attempted use the moments inertia and lengths 
members only determining this relative stiffness, reflected the values 
the K’s. The stiffness group members composed column, con- 
necting girders and brackets, compared with the stiffness another similar 
group, importance this connection. many wind-bracing systems 
these groups are far from being arranged alike, owing unrelated require- 
ments different points. 

For the purpose making this comparison the bending column under 
the action loads from the brackets may used, the two segments from the 
ends the middle point contraflexure being considered two beams 
subject bending. The amount deflection segment compared its 
two ends given the formula, 

woe 


which, the maximum deflection segment, the length segment, 
and the distance the bracket load, from the end the column the 
point contraflexure the floor. This merely another form the com- 
mon formula for deflection beam subject flexure with single concen- 
trated load. The deflection, the tops all columns story are the 
same. For columns with larger values the angles, and shown 
Fig. are smaller, and the lines which measure the respective angles are tan- 
gent the neutral axis the column ends. With the same for all columns, 
those with the smaller values and must, consequence, have 
larger from Equation (33). given value this formula 
and column larger value there must still greater proportion 
the from the bracket effect the increase This requires 
larger value shear the column. Increasing the value has both 
positive and negative effect shown Equation (33). The value 
must then increased more than simple proportion effect the neces- 
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sary value but the shear the column increases still more rapidly than 
the value since increasing the distance brackets shortened 
and the column rendered stiffer the This results heavy con- 
centration the wind shear the larger columns out proportion their 
larger moments inertia. Such columns usually have longer adjacent spans 
and deeper brackets augment this undesirable condition. The same 
soning applies the girders the columns, and, taken together, these fac- 
tors exercise substantial influence the wind framing that not covered 
the length and moment inertia alone reflected the 
authors’ values the points thus far mentioned argue strongly 
against the use the authors’ method, and suggest that, under some condi- 
tions, may give results less value than the so-called approximate methods. 

The value may seriously questioned since based particu- 
larly the use the slope deflection general equation. Under “Routine 
Outline Used Design”, the authors have made numerous assumptions 
and approximations such are characteristic methods that are not 
ambitious regarded more than approximate. not clear why 
Equation (22)+ put forward for determining the girder shears using the 
girder end moments. several places previous this, assumptions 
made that these shears are the same all girders, and all the other conditions 
governing their determination are previously given. The girder moments are 
based these, and Equation (22), therefore, cannot give the shear. This 
accordance with the authors’ assumption that none the direct load from 
the wind taken interior columns. Paragraph relating final design, 
assumes equal for the girders, which makes the point contraflexure 
the middle the ginder spans accordance with the statement under 
and assumed the preliminary design. This 
would make and Equation (22) equal, all which suggests 
some inconsistencies that have important bearing the use this elabo- 
rate general method. Paragraph 14§ also relates the final design, and the 
assumption that the story shears are the mid-points the columns ignores 
the effect the K’s, the use which has previously been emphasized 
important. 

The assumptions Paragraph lead the first definite results the 
Taken together with those mentioned connection with Para- 
graph 16+ and Equation (22), they constitute the factors mainly used strictly 
approximate methods. Paragraph 15+ and assumptions regarding the use 
the K’s may disregarded without appreciably affecting the final results, 
which have agreed closely with those the Fleming method, stated 
the authors their “Conclusions”.§ 

Paragraph the authors have erroneously stated that “the maximum 
wind moment and maximum dead and live load moments not the 
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same point”. This unfortunate, since the end connections are all too often 
the weakest part wind-bracing. These end connections require that the 
girders considered having fixed ends for the dead and live loads, and 
their moments should added those for the wind. Apart from all the 
effects brackets discussed here, the writer believes that the use the authors’ 
general method undesirable. 


AMERICAN SOCIETY CIVIL ENGINEERS 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


ENGINEERING FOUNDATION COMMITTEE 
ARCH DAM INVESTIGATION 


ARCH DAM INVESTIGATION 


Discussion* 


AND Kinney. 


(by important report arouses admiration 
for the magnitude the enterprise conceived the Committee Arch Dam 
Investigation and for the conscientiousness with which the theoretical study 
the project and the experimental research were carried on. response 
kind invitation discuss the report, the writer wishes comment few 
topics. 

The statement made§ that: 


“The stresses the arches due the divided loading were computed 
the elastic theory, assuming the arches fixed the abutments, and loaded 
uniform radial load the intensity determined the crown the 
‘combined cantilever and arch method’ 


Since the first edition his “Statica delle dighe”,|| the writer has 
demonstrated that the distribution the hydrostatic pressure against each 
the elementary arches, into which the dam may divided hypothetically, can- 
not uniform, and experimental has fully confirmed this assertion. 

description the model and apparatus used follows: cylin- 
drical concrete wall with vertical generatrix, high, horizontal semi- 


Discussion the Report the Committee Engineering Foundation Arch Dam 
Investigation, continued from November, 1928, Proceedings. 


Prof., Royal School Eng., Turin, Italy. 
Received the Secretary, August 1928. 
Proceedings, Am. Soc. May, 1928, Pt. 19. 
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circle, has been made concrete uniform thickness cm.; the radius 
the semi-circle 269 the wall firmly supported two solid abut- 
ments which were joined together strong ties. second co-axial wall, 
em. thick, was built the outside the first, with 388 cm. 
The abutments, ties, and the external wall were substantially strengthened 
with iron. thin iron plate was added the outside wall for impermeability. 
The space between the two walls was filled with water which subjected the 

For further increase hydrostatic pressure the external wall was capped 
with reinforced concrete roof which covered the opening. order avoid 
vertical tension the inner wall the roof was held place series 
strong columns erected along that wall. simple strip iron was placed 
between the roof and the inner wall for tightness. 

levels 0.75, and from the base the radial displacements 
could measured for each the angles, 18, 45, and degrees. The reser- 


voir between the walls was kept full and the deflections were measured for 
excess pressure water 1.5 atmospheres. The test was made July 29, 1926, 
8:00 and was finished quickly enough avoid sensible variations 
temperature. 
The deflections were then for pressure atmosphere. 
Thus, they represent exclusively the increasing the pressure 
atmosphere. every point the measurements deflection were started 
when the reservoir was full, order avoid the effect residual deflections 
due difference levels. residual deflection was observed; the temper- 
ature alongside the walls was 18° cent.; that the water was 22° cent.; and 
that the concrete (mean six values, 20.1° maximum and 19.7° minimum) 
was 19.9° cent. The results are given Table 44. 


RADIAL DISPLACEMENTS FOR ATMOSPHERE Excess PRESSURE, 
Height, in 

meters. 


Referring all the deflections the middle semi-annulus where the effect 
foundation and the roof was the least, the radial displacements for semi- 
circle become 0.08, 0.11, 0.25, 0.22 mm., for points the center the are 
and angles 18, and 72°, respectively. 

The corresponding radial deformations for radial 
hydrostatic pressure would be, respectively, 0.594, 0.544, 0.322, and 0.070 mm. 

Fig. 164 shows graphically the theoretical deformation uniform 
radial pressure, the effective deformation elevation 1.75 from the 
foundation and elevation 0.75 The difference between the deflec- 
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ably 
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hyd 
0.75 0.16 0.18 0.10 0.08 0.10 0.17 0.16 
0.22 0.26 0.11 0.06 0.09 0.28 0.21 
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tions calculated uniform pressure and those actually observed ‘is quite 
evident and the major effect the connection the 
These experimental facts confirm absolutely that the intensity 
effectively supported circular element arch dam varies consider- 
ably from the abutments the middle the arch. the basis actual 
measurements deflections and using influence lines for every 
observation point, possible deduce the law distribution the 
hydrostatic pressure supported the elementary arches and, consequently, 
also the support exercised the vertical elements, that is, the cantilevers. 


The Half 


Arch without 
Deformation 


Effective Deformation Elev. 0.75 mete 


Theoretical Deformation due Uniform Pressure 


| 
| 
| 
| 
' 
' 


164. 

influence lines for radial displacement every 
point the arch has been the writer the European technical 
press.* the dam constant thickness, the has 
developed, analytical. method radial ‘by means 
influence lines which preferable. 

the actual radial displacements are much smaller than those This 
due the effect the foundation and hence this fact the theory 
independent its surroundings. 

The method subdividing dam into elementary arches, 
sufficient approximation, provided the elements the two series 


sur des constructions béton 19. 

1927. 


d | | | | 
\\ 

q 


are very numerous, but this method will many equations* 
make practical solution impossible even the case symmetrical arch 
and V-shaped gorge. 
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substantial reduction the number unknowns could obtained 
the design spur dams shown Fig. 165. this design the relatively 
thin panels are supported framework arches and counterforts. 

advisable build arch dams much larger angular amplitude than 
that the Stevenson Dam order render them more elastic and, hence, 
more deformable according the hydrostatic and thermal requirements and 
avoid the possibility injury. the experimental dam built the writer 
could not detect any sign fissures due hydrostatic pressure 
thermal stresses. 

means the structure which the writer designed 1926 been 
able obtain, economically, the stresses arch dam without obstructing 
stream, thus avoiding all dangers and troubles encountered when struggling 
against Nature’s indomitable powers. 


“Studi sperimentali costruzioni cemento 19; ‘‘Etudes sperimentales 
sur des constructions béton 19. 


great 


hoped that this attempt will followed other engineers 
greater extent, considering also the case the V-shaped profile. would 
preferable build the external wall the experimental dam steel, 
shape the inner wall shown Fig. 165. 


Dr. (by co-operative research work the 
Stevenson Arch Dam great value for all engineers who are more inter- 
ested the analytical side problems elasticity. excellent 
example how through co-operative research work modern engineering, 
great progress can made, both the practical and the theoretical side 
actual problem. Among the highly valuable investigations, which are 
contributes great deal new knowledge. 

shows, arch dam the size and form the Test 
Dam can considered from the standpoint statics thin cylindrical 
shell, carrying not only thrust horizontal direction, and horizontal and 
vertical pressures, but also bending and twisting moments. The method, 
which Professor Westergaard suggests solve the problem, astonishing 
example how far the theory curved shells developed to-day and how 
possible predict the deformations and stresses such difficult cases 
engineering design. 

The arch dam can considered triangular piece cut vertical 
cylindrical shell, clamped along its lower boundary, free its top, and loaded 
water pressure which increasing with the depth. difficulty intro- 
duced the fact that the thickness the dam not uniform, but increases 
vertical direction; the ratio between the thickness the base the 
lowest parts the dam the thickness the top being 3.5. 

Another difficulty arises from the boundary conditions, which are com- 
paratively Professor Westergaard calls attention the factt 
that the method dividing the shell system vertical cantilevers and 
horizontal arches which would act like grate—when the various elements are 


the external forces—does not account for the twisting moments 


which are characteristic for all general problems bending thin plates 
shells. The stiffness shell which carries twisting moments different 
from the rigidity grate-like The combined action tangential 
thrusts and bending moments finds its mathematical expression the two 
simultaneous partial differential equations, Equation (56)§ and Equation 
which Professor Westergaard establishes; but remarks that these 
two equations, Equation (59) which determines the condition compatibility 
for the strain the middle surface the cylindrical shell, less important 
than Equation (56), which relates the bending. therefore replaces Equa- 
tion (59) other conditions. solve Equation (56) uses expansion 
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satisfy the boundary conditions. 

seems the writer that such expansions which 
obviously satisfy part all the boundary conditions, are very for 
actual purposes, when the engineer wishes determine more complicated 
form sometimes possible to’ estimate the greatest 
functions. that these functions satisfy the differential 
often not possible find such functions; one can only deter- 
mine the constants for the first terms the series with the help clever 
method and one has former that they apparently 
satisfy some important conditions (on the boundary) the problem, such 
help establish the solution for practical problem. 


(by tests the Stevenson Creek 
Dam have yielded extraordinarily interesting results, deviating part from 
the principles which thus far have been generally considered correct. The 
so-called cylinder formula, used for computing single-arch dams, has shown 
itself corresponding the actual conditions. considerable portion 


the water pressure was taken the vertical beams, and only the 


remainder the arch effect. Formerly, the safety was computed ascertain- 
ing the foundation pressure section the wall, considered cut out 
two radial sections. This calculation involved the ‘investigation 
stresses acting plane and did not include the consideration 
dimensional conditions. arched wall with enlarged must 
pictured structure space. Single-arch dams are 
vertical arch barrels with elastic abutments. The smaller the stability due 
weight, the greater the arch action. When forces 
arch supported the crown exceed the maximum limit, 
oecurs the endangered joints. The hydro-static then changes 
force which considerably The tests have shown that 


the bending stresses the arch ring are great they can means 


neglected, and that the dam acts single elastie body. 

seems impossible separate the deformations which are caused 
possible control the stress computations exactly... Carefully made stress 
computations, therefore, probably have chiefly relative value, for 
making possible compute various types construction with one another. 
mine, through theoretical computation alone, the limits stresses. used 
for arch dams. Too great spans should any the 
writer’s opinion, the side safety use single-arch dams only 
the span not greater than four times the maximum height. 

The chief value the tests appears lie the condensed statement the 
which admits certain theoretical additions, the proving which 


Hamburg, Germany. 
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The computation assumes 
reliable building materials, solid foundation rock, and faultless construction. 
The reliability the building materials established certain degree 
portant arise which are ‘under conditions, cause 
hesitation. Sides canyons which are attached ‘as vertical arches, 
even they consist solid rock; are not always considered immovable, 
especially when the geological ‘stratification the mountain dips steeply 
toward the canyon. the abutment arch dam moved only few 
dam which make the original computation illusory. 

Finally, the construction subject, Man, all the faults and 
deficiencies which are part human inadequacy. sack bad cement 
view the catastrophe that occurs when ‘reservoir ‘dam breaks, reasons of. 
safety appear demand chosen that the danger 


failure certain faults and deficiencies occur, that are 


hard For these reasons; the inclined follow 
much the computation permitting the highest stresses, but choose 
for which the stability counteract any hidden 
importance; they show investigations which are based plane structures 
not prove large curved dams, and that arch dams can investi- 
gated only from three-dimensional standpoint. 


ments the deterioration concrete, Mr. Flinn makes the that, 
studies in, America other countries indicate that for durability 
select suitable cement. Cements which may for structures 

not exposed may quickly deteriorate under conditions named.” 

that unsafe build structures water under pressure 

The writer can agree with the additional statement 
effect that there may conditions severe that with the best thin 
dams concrete should built. danger this respect, however, 
not due the inability the cement itself remain stable form when 
used properly made exposed water pressure; but rather 
difficulties placing conerete the right quality thin sections and 
possibilities structural cracks due temperature volume changes, 
even stress the thin Mr. Flinn suggests, under 


Mgr. and Secy., Portland Cement Assoc., Chicago, 
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these unusually severe exposures, may desirable to, build types dams 

this connection consider the factors which .affect 
durability factors have been very well stated* 
Am. Soc. shows that there are three factors which 
have most with the durability resist the destructive effects 
weathering: (1) The character the aggregates; (2) the chemical com- 
position the cement; and (3) the water-tightness the 
gates which rapidly disintegrate under the influence weathering agencies 
cannot expected endure indefinitely concrete structures, even though 
some protection afforded the cement Many the more common 
rocks and gravels have been shown long experience highly resistant 
the ordinary processes weathering, and structures built from such mate- 
rials may expected give entirely satisfactory performance, except under 
the most severe exposures. Aggregates new or. untried chemical composi- 
tion should subjected the most rigid study before they are used 
structures where great durability required under severe exposures. 

admitted without argument that the chemical nature the cement 
must related some way the ability the material resist exposure. 
Opposed this, however, the fact shown long experience that where 
concrete has been properly made from Portland cement passing the 
tions the American Society for Testing Materials, has been found 
unaffected through any chemical change the hardened cement. 

the degree water-tightness the concrete that largely determines 
its durability under the usual weathering agencies, Concrete particularly 
susceptible freezing and thawing entrapped moisture and the solvent 
action water. Most authorities agree and experience has shown 
that concrete can made resist the water and its life 
extended indefinitely. 

The requirements for are thor- 
oughly incorporated cement-water paste which itself impervious. 
through the properties the cementing medium—the hardened cement paste 
—that the properties the concrete are Regardless the aggre- 
gate characteristics combinations, strong conerete cannot produced with- 
out strong cementing medium, nor impervious concrete without cementing 
medium which itself 

The properties the cement-water paste the strength and water- 
tightness rest, are dependent wholly three The 
characteristics the cement; (b) the relative proportions cement and 
water; and (c) the extent which chemical 
ever important the chemical the cement may be, safe 
prediction that differences chemical characteristics among various cements 
will have much less effect the water-tightness concrete than the lack 
water-tightness the concrete will have bringing out differences the 
durability the cements. 


“The Factor Affecting the Durability pub. Portland Cement Assoc. 
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The effect the water content the concrete now uni- 
versally recognized, but its influence the water-tightness not well 
established experimentally. The relation, however, fundamental one. 
During the process hydration cement certain quantity water chemi- 
combines with the cement become permanent part the structure. 
The quantity, however, much less than that required make plastic con- 
crete. Water which does not enter into combination still remains within the 
paste and the space occupies will later represented air voids the 
water evaporates. The more water used mixing, the larger and more 
numerous will the air voids form ready channels for the passage 
water which later may brought contact with the concrete. the water- 
cement-ratio lowered, the voids are reduced both number and size. 
sufficient quantity paste also necessary for impermeable concrete. 
Since the water which passes through concrete member must find its way 
between the aggregate particles and through the cement paste, evident 
that the entire space not filled with the paste there little resist the 
passage water. order that the space between the aggregate particles 
shall completely filled, essential that concrete mixtures plastic 
consistency that the material can worked readily the forms and 
completely incorporate the reinforcement. 
The effect using over-wet mixture with the consequent segregation, 
laitance, and porosity, readily seen many structures. successive layers, 
the concrete the bottoin each layer will excellent quality while the 
top, where the excess water has accumulated, will subject the pene- 
tration water and time will disintegrate. 
The third element which fixes the character the paste the extent 
which the chemical reactions have progressed. The continuation these 
reactions Portland cement requires favorable curing conditions, that is, 
moderate temperatures and the presence moisture. Continued favorable 
curing increases the quantity water that unites with the cement and de- 
creases the quantity free water. Not only the strength the concrete. 


increased, but the porosity decreased due the building the internal 
structure the cement paste this process. 

The grading, size, and shape particles aggregates are commonly 
recognized properties aggregate affecting permeability. The real im- 
portance these factors lies the fact that for the usual method requir- 
ing certain fixed mix, for example, 1:2:4, aggregates different properties 
require different quantities water produce the desired consistency. Thus, 
different sizes gradings give widely different strengths permeabilities, 
through the differences the water-cement-ratios resulting. 

study the data available indicates that water-cement-ratio about 
gal. per sack cement and weeks good initial curing will give 
paste satisfactory resistance the ordinary weathering agencies. For 
durable structures, this paste must used, course, with suitable aggregates 
such proportions will give plastic consistency, and, furthermore, the 
concrete must carefully placed avoid segregation honeycombing. 
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STREET DESIGNING FOR VARIOUS USES 


that “the tendency allot too much area business purposes”. The 
realtor, especially, inclined lay out business lots profusion, because 
they bring him than can get for residence lots. 

The Chicago. Regional Planning Association co-operation 
Institute Land Economies Northwestern University made study 
determine how much business frontage really was utilized the towns 
rounding Chicago. the region studied there are about 250 cities munici- 
palities, and these have been investigated. Remarkable may seem, 


~ 


the frontage retail business property per 100 people the majority the 


cities did not vary greatly from the average 50.8 ft. The lowest value 
observed was 22.4 ft. and the highest value was 90.7 ft. per 100 people. 
sidering the various inequalities and different characteristics specially 


located cities, ft. per 100 people the unit recommended for use 


satellite city around 50% the cities the range from 
ft. The residential cities average 51.2 ft. and the industrial cities averaze 
50.6 ft. Time from Chicago the, most factor noted Table 
vista, or, the view public building, not the major.use street. 
These are minor The greatest, factor the disposition 
with the “fluid” between. 


lane for “fluid” traffic ft, lane. for are proper. the Boston. 
November, 1928, ‘Proceedings: 
From paper Woodbury Journal Land and Public Utility Economics. 
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Post Road lanes are ft. wide and many the older streets they are 
narrow ft., with ft. parking space. With speed limits and 
miles per hour that are now maintained the wider arterial streets, and 
with the width buses and trucks established ft., clearance ft. 
little enough. The 50-mile private road—the Long Island Parkway—when 
constructed about 1903 1904 was the last word highway design. 
and ft. wide much its length; its grade crossings have been largely 


eliminated; and its curves are poor 35-mile per 
hour road. 


Time from Chicago, minutes. cities. Mean average cities. 


120 and more 
110-120 
100-110 


84.3 
81.2 
79.4 
64.5 
66.3 
64.2 
56.7 
56.9 
44.3 
42.5 


The very minimum width pavement with curbs ft. With 8-ft. 
parking lanes each side, that space leaves room for only one line “fluid” 
fire protection standpoint. fire truck gets caught between poorly parked 
cars and has difficulty making the corners. The next practicable width 
allows “fluid” traffic line ft. and two parking lanes ft. wide, ft. 
over all. This can built 66-ft. right way which makes prac- 
ticable for minor street. For more important streets where the right way 
much ft., the speaker recommends adding new traffic lanes pairs, 
because there odd lane there always competition over it. The City 
Detroit built quite mileage three-traffic-lane streets and found that 
they were extremely dangerous. For other street widths simple mathe- 
matical calculation add any number additional lanes. 

The author mentions the fact* that public utilities are interested street 
design affects gas, electric conduits, ete. Chicago, the Regional 
Planning Association called together all the various agencies that were inter- 
ested underground conduits and they agreed accept definite set 
regulations. This not specification, but so-called conduit code with 
many minimum requirements stated. was planned first for the unincor- 
porated areas the outskirts Chicago that when these areas were added 
the adjacent city they could joined orderly way with the existing 
facilities. Many consultants have adopted its 


Proceedings, Am. Soc. August, 1928, Papers and Discussions, 1726. 


uti 
pla 
abc 
the 


BERARD STREET DESIGNING FOR VARIOUS USES 217 


this code was included regulation establish constant 
“Chicago City Datum”, based Elevation 578.90; (b) the location the 
utility conduits underground; (c) the distance between manholes and storm- 
water inlets; and (d) the number and location hydrants and valves. 
placing the sewer the center the street and the gas and water mains 
about ft. from the center, 26-ft. pavement could built without covering 
the gas and water pipes. 

The Chicago Regional Planning Association felt that the sub-dividers 
(who, many cases, their own engineering) could persuaded con- 
form these regulations, worth-while system would result. 
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not responsible for any statement made expressed 
its publications.. 


THE RELATION BETWEEN EARTHQUAKES AND 


mainly they affect dams’ and notes Mr. Dewell’s reference 
the favorable performance then relates that the Crystal 
Springs Dam not although located only hundred feet 
from and parallel the St. Andreas fault line, which 
took place. Mr. characterizes the Crystal Springs 
146 and somewhat summarily, that with respect safety 
against earthquakes the dam preferable the arch type. The 
writer. cannot accept this conclusion and will attempt justify: his 
are two conditions distinguished: 


1.—The case which the slip lies across the site, and one side the 
canyon displaced relative other, this displacement being permanent 
greater than the displacement due and, 

which not touch ‘the dam ‘site and there 
displacement one side against the other, except such relative 
displacements result from the elastic deformation the crust the earth. 
Since the wave disturbance has flat front, only small 
ments canyon sides are here involved. 


impossible know what might happen under Case (1), but the writer 
agrees with. the author that earth dam (not too high and liberal dimen-, 
sions) may well the safest. the exact location the slip known, 


Cons. Engr. (La Rue Jakobsen), Los Calif, 
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specially designed gravity dam liberal dimensions with free joint over 
the slip line, that one end might move freely with respect the other, 
might have chance surviving, even though water would escape through the 
however, either gravity arch, the problem complicated and general, 
that impossible justify any opinion what might happen, even 
the location and amount slip known. 

far the most common earthquake danger, and guarded 
against proper design and construction, belongs under Case Dr. Robert 
Hill, Los Angeles, Calif., 

“Modern seismologists hold that ordinary earthquake deep-seated 
jar the earth crust caused when the rock suddenly snaps 
elastically result release from strain. the rebound 
crust the result slipping movement along portions fault lines. These 
vibrations are often noticeable over The movement along the 
fault line not the ultimate cause the earthquakes, however. This some- 
thing deeper and less explicable. most probably some great mass move- 
ment within the plastic sub-crust—a jarring, vertical settling horizontal 
movement segment rock the outer zone fracture, like that which 
takes place when one piece floating ice broken from another.” 


area subjected more less violent vibrations., The vibrations radiate from 
the center disturbance all directions and are 
direction and intensity the contact planes between. different 
material. Dr. Rudolf Briske that the waves have ampli- 
(Fig. 1). This means that the actual tilting ‘the earth’s surface quite 
negligible and the damage done not due the tilting, but the accelera- 
tions and decelerations produced these waves. the 1923 earthquake 
Japan, the direction the vibrations was nearly horizontal and the hori- 
zontal movements (or twice the amplitude) seismographs 
amounted places cm. (19.7 in.) with period about 1.35 sec. The 
horizontal acceleration and deceleration amounted places per sec. 
per sec, (16.4 ft. per sec. per sec.), about one-half the acceleration due 
gravity. The vertical acceleration amounted most about 15% the 
gravitational acceleration. The horizontal movement very complex.t The 
accelerations are much smaller rock than soft ground. Dr. Briske states 
that the Idru Peninsula, only miles from the center disturbance, but 
tertiary voleanic rock, the maximum horizontal was 10% 
the gravitational acceleration; while at. Tokyo, miles from the center 


“Southern California Geology and Los Angeles Earthquakes,” pp. and 109, pub. 
Southern California Academy Sciences, 1928, read abstract before the Geological 
Soc. America, Cleveland, Ohio, December 30, 1927; see, also, “Our Mobile Earth,” 
Dr. Reginald Daly, Y., Chas. Scribner’s Sons, 1926. 


“Die von Bauwerken,” Dr. Briske, Wilhelm Ernst 
Sohn, Berlin, 1927. 


“Effect Earth Shocks Structures,” Bussy, Proceedings, Am. E., 
May, 1928, Papers and Discussions, 1450, Fig. which the three vibrations shown 
have periods 1.35 each. 
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disturbance, but amounted 30%, and Yokohama, 
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38.5 miles from the center disturbance and alluvial soil, 40% the 
gravitational acceleration. 


Displacement 


The stresses superimposed structure due earthquake vibrations can 
approximately determined simple manner from the intensities the 
horizontal and vertical accelerations, provided the natural frequency 
tions the structure not approximately the same the frequency the 
earthquake vibrations. the two frequencies are approximately the same, 
small but continued earthquake vibrations, due resonance, may produce 
vibrations large amplitudes the structure with accompanying high 
This occurs tall slender structures, such factory chimneys, 
which have failed although the intensities the earthquake vibrations have 
been small. Similarly, wind pressures nearly the same period that 
the structure, may set stresses several times great those produced 
the static load the wind. Vibrations produced wind have made pos- 
sible measure the natural period vibration structures, and these 
measurements agreé quite well with the calculated values. 

The period earthquake vibrations rarely, ever, less than sec. 
the natural period high slender dams only small fraction this. 
Dr. Briske gives the following approximate formula, derived largely Pro- 
fessor Mononobe,* and part and applicable variously shaped 
structures: 


period, seconds (Fig. 1). 
height, feet. 
radius gyration, feet, base structure. 
weight, pounds per cubic foot. 

gravitational constant 32.17 ft. per sec. per sec. 
modulus elasticity, pounds per square foot. 


Loaded Structure and Its Seismic Stability.” 
“Abhandlungen,” 350, Leipzic, 1882. 
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For the Mulholland Dam for section 146 ft. high (Fig. 3), the constants 
are: 146 ft. (neglecting deformation the (ap- 

300 000 000; and 1.183. Then Equation (1) gives period, 0.106 sec. 
For the high and very slender Pacoima Arch Dam, the constants 
365 ft. (neglecting deformation the (approximately) 


1.188, Then, Equation (1) gives period, 0.69 sec., for the section 
considered gravity dam. Since the are much more rigid and are 
fixed the natural period the dam smaller. 


Since the ratio, constant nearly for gravity dams and since 


Equation (1), appears the second power, clear that for very high 
dams the natural period may approach closely the period the earthquake 
example, the Mulholland Dam was three times high 
the section investigated, 438 ft., and the slopes the faces were the 
same, the natural period would 0.9 sec. This would cause large increase 
stress due part resonance over and above the increase due earthquake 
shock with resonance. the yielding the foundation taken into 
account, the period would lengthened, since gravity dam with yielding 
foundation would behave much like one greater and with fixed 
foundation. 
According Dr. Briske, the Tokyo Bridge Building Code requires the 
horizontal acceleration equal one-third the gravitational 
acceleration, coupled with vertical equal one-sixth the gravi- 
tational acceleration. This undoubtedly much more than can expected 
the United States and such strata those which great dams are 
founded. the other hand, the failure important dam such 
catastrophe that relatively larger margin safety justifiable. 
illustration, consider straight, triangular-shaped gravity dam with vertical 
up-stream face, designed for uplift; and let required that for,reser- 
voir full and earthquake vibration one-half the intensity prescribed for 
Tokyo, the resultant must lie the down- middle third (Point 
Fig. 4). The additional water pressure against the dam due the horizontal 
acceleration the earth small. The effect the downward accel- 
eration the reservoir decrease, the the water and, therefore, 
1927), Fig. 53, 584 


die der Fundament Dr. Fredrik Vogt, 
Videnskaps Akademi, Oslo, Norway. 
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its pressure against the dam; but the horizontal acceleration, especially con- 
tinued for some time, will result movement the water 
the reservoir and oscillation toward the dam may coincide with down- 
ward. acceleration. For these reasons, believed least approx- 
imately correct horizontal water pressure that due the 
hydrostatic head. The the motion the dam itself is, therefore, the 
only additional faetor., The force, due the horizontal acceleration acts 
the center gravity the dam, that is, distance, from the base 
and, therefore, may added the water that the total hori- 
zontal force foot width (Fig. is: 


the weight the concrete, pounds per cubic foot, and 
per sec. per sec. The weight the dam decreased one-twelfth 
due the vertical that the effective weight the 
section will be: 


41 
Water Surface 


San Mateo Dam 


Since the resultant lie the point, (Fig. 4), the 
the horizontal and vertical forces about this point must equal zero, 
which gives, 


8 

n 
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Papers 

designed for uplift and earthquake shock, 

middl 

which, for 150 per cu. ft., gives 0.645 The ratio the two 

values about 1.2, that reasonable allowance for earth- fore, 

quake vibrations requires increase only about 20% the yardage 
for dam designed with allowance for The writer does not think 

that any dam ever should designed, but since number large dams 

have been, the question has practical value. 

the triangular-shaped dam designed for full triangular full rec- 

tangular uplift, than 


Dat 
which, for 150 per cu. ft., gives 0.845 However, 
these cases represents the worst possible condition, which obtains when there 
full uplift under the two-thirds up-stream part the base. Then, 
which, for 150 lb. per cu. ft., gives 0.976 

With the formulas presented any desired combination earthquake and gra 
uplift may adopted suit the opinion the engineer and the condition sid 
the foundation. Incidentally, dam designed with reasonably liberal the 
allowance for uplift should able weather- most earthquake shocks, even 
special allowance has been made for them, while the dam designed with- 
out uplift allowance precarious position. 
There remains now examine the author’s statement that gravity dams 
are safer against earthquakes than arch dams.* considerable number 
so-called gravity dams the Western United States are designed without any 

allowance for either uplift earthquake shocks, that the resultant hori- 

zontal water pressure and weight lies the middle-third point. some 

them, as, for example, the Exchequer Dam, due the fact that curvature 
was not taken into there actually tension about 
per sq. in. the up-stream face, with the reservoir full and with allow- 
ance made for uplift. This would quite enough tension across the nearly 
horizontal construction joints and between the concrete and the foundation; 
and earthquake shocks would increase this tension. 
The statement frequently made that gravity dam designed for 

uplift and with the resultant the middle-third point, has factor safety 

against over-turning. This statement may also found various text- 


and justified showing that order for the dam revolve about 
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the toe, the horizontal water pressure must doubled. This demonstration, 
however, overlooks the fact that the moment the resultant lies outside the 
middle-third point, there must either tension the heel (and this 
assumed not exist, since does, the factor safety depends the 
amount tension assumed) the heel must lift away from the foundation 
which event uplift acts the dam. Such dam has, 
fore, factor safety against over-turning and not and the 
specific gravity the water increased slightly, the water level raised 
slightly, must follow unless tension can hold the dam place. This 
the assumption that there uplift under the dam long the 
resultant lies the middle-third point, inside the middle-third; there 
some ‘uplift the conditions are even worse and the factor safety less 

actual structures the failure not likely instantaneous, since 
takes some time way under the dam. The St. Francis 
Dam, for example, was full the spillway for one week before failed.* 
order appreciate what takes place, one should bear mind that the 
foundation ‘not unyielding, but deforms accordance with the stress 
The tests made the Stevenson Creek Dam show remarkably 
close between the actual deformation the foundation and the 
values derived from the formulas developed Dr. Fredrik 

further illustration the total inability supposedly well-designed 
gravity dams withstand any additional load due earthquake shocks, con- 
sider the Mulholland Dam (Fig. belonging the water supply system 
the City Los and located directly above Hollywood, Calif. 
assumed that the dam founded good rock and provided with all the usual 
safeguards, when uplift completely disregarded, such cut-off wall, con- 
traction joints, grouting the foundation, and drainage the foundation 
and the dam. section 135 ft. high, with curvature taken 
into water level with the top the dam (or about ft. above the 
short spillway), and allowance for uplift, shows that the water pressure 
increased 4%, there will tension the up-stream face. There prob- 
ably tension without this increase, because for various reasons the cal- 
culated stresses are not likely exactly the same the actual stresses.§ 
This section, therefore, has factor safety 1.04 against over-turning, pro- 
vided there uplift. has been shown previously, that the additional 
due earthquake vibrations one-half the intensity the. Tokyo 
Bridge Building Code would provide additional horizontal force, 
0.0883 or, since this case, 140, 92, and 185, will 
145 000 Ib. per ft. width up-stream face. The vertical downward accelera- 
tion resulting loss weight the dam, produces moment equal 


Proceedings, Am. Soc. E., May. 1928, Pt. Arch Dam 
and Fig. 82, 128. 


Arched Gravity Transactions, Am. Soc. Vol. (1928), 766. 
See the writer’s discussion, Transactions, Am. Soc. E., Vol. (1927), 253. 
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that additional water pressure, acting horizontally distance, 
from the base, if, 


This gives total equivalent additional, horizontal water 195 000 
The static horizontal water pressure amounts 570 000 the added 
due earthquake the static load. 

The author’s reference* with the San Dam 
the San earthquake likely mislead, because does not men- 
tion the much heavier than the gravity type. 
shows that has factor safety against overturning almost 
when uplift neglected, whereas, been shown, the Mulholland. for 
section 135 ft. high has only 1.04 and the Exchequer Dam less than The 
fact, therefore, that the San Mateo Dam withstood serious earthquake, does 
not gravity dams ordinarily built could.do 
shows the section the San Mateo Dam .the Mulholland 
area the former about twice that the latter. 


The writer has shownt that great likelihood arch 


curved gravity Professor the Bel- 
that while the opinion that arching beneficial, has some parti- 
sans, has never seen any demonstration which would justify 
then proceeds investigate the Brasimone Dam, Italy, about 
105 high and curved radius.of about 245 ft. the crest with central 
angle 128° This dam nearly triangular section and caleu- 
lated gravity dam and then curved plan, order the people 
the valley below, who protested against its erection. 
that the arch action value, except. possibly after the dam 
has failed rupturing and sliding. also cites and Koechlin§ 
stating that arching gravity dams The writer some years 
ago investigated the effect arching gravity dam considered whole 
and found 
Every attempt investigate arched gravity for arch has led 
the conclusion that reliance should placed arch action, but none 
the less, the idea that arching beneficial amounts article 
faith with some engineers. What has been said about arch action gravity 
dams, applies these they have been built the past. the dam 
properly pressure-grouted, for example, recently suggested Dr. Fredrik 


arch and gravity action. 
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When designing dams engineers generally consider that water weighing 


lb. per cu. ft., represents the maximum considered. The Commis- 
sion French engineers that recently reported the failure the Habra 
Dam, Algiers, November 26, 1927, concluded that the water the reser- 
due the large amount silt and mud, was about 30% heavier than 
water.* The Habra Dam gravity type about 118 ft. high. This 
has quite record, having failed twice before, 1872 and again 
1881. The failure was due heavy flood, which brought the reservoir 
level about ft. above the spillway crest. 
Regarding arch dams, quite clear that moderately well-designed 
arch dam would involved difficulties the load was increased 34% 
against its up-stream face. fact, increase several hundred per cent. 
would not have any serious consequences. illustration, the maximum 
stress the Pacoima will not exceed 600 per sq. in., and probably 
not excess 400 per sq. in. The concrete Pacoima had average 
strength lb. per sq. in. one year, the average was 
about lb. per sq. in., and two years, about Ib. per sq. in.; that 
would give factor safety more than Since this section much less 
than for gravity dam, the additional load due earthquake vibrations would 
correspondingly less and the arch type much better capable with- 
standing additional loads. 
summarize, seems that for ordinary earthquake shocks not accom- 
panied actual slip the dam site, the arch dam much better able 
resist the additional load without damage any kind than the gravity type, 
even dimensioned heavily the San Mateo Dam. For such earthquakes 
produce slip through the dam site, the ordinary gravity dam with its low 
margin stability, even when uplift entirely neglected, would certain 
fail, while well-designed arch dam might survive the slip was not too 
great. The writer would certainly much rather take chance only 
moderately well-designed and built arch dam than with the usual type 
‘gravity dam, but specially designed gravity dam very liberal dimensions 
would probably the safer. 
The author should commended for calling attention the pressing need 
designing structures that they can safely withstand such earthquake 
shocks may reasonably expected. subject which needs con- 
sidered seriously the Engineering Profession order guard against 
catastrophe. The fact that serious earthquake has happened for century 
two certain locality proof that none will ever happen. adds 


but little the cost design structures which are safe for all known inten- 
sities earthquake and the duty the Engineering Pro- 
fession see that this done. 


rupture barrage Genie Civil, March 24, 1928. 


“Stresses Thick Arches Dams,” Transactions, Am. Soc. E., Vol. 
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its publications. 


BASE MAPS FOR REGIONAL PLANNING 


AND 


Am. Soc. E.—This paper definitely establishes 
the need and importance proper city and regional surveys and shows how the 
maps required connection therewith should prepared. This discussion 
limited, therefore, primarily analysis the distinctions between 
city survey regional survey, and discussion the type material 
that should prepared map form basis for regional plan. 

Theoretically, there quite definite distinction between city survey 
and regional survey when the former applied cities they exist 
to-day. Perhaps time will come when there are cities large that they 
themselves will entire regions, but. the speaker knows 
day city which could made the center survey without 
including within the boundaries the area studied large number 
adjacent municipalities. Therefore, regional survey one that concerns 
the interests and the planning group municipalities, each which 
itself entitled develop the details such plans may presented 
the regional plan. 

the basis this definition, regional surveys need only far enough 
determine the general lines facilities and the general uses land. 
city survey, the other hand, must sufficient detail enable actual 
construction plans and specifications and estimate costs prepared 
from the data included therein. 

Inasmuch the man who making regional survey should fairly 
well versed city-survey principles, can scarcely avoid (in developing his 

This discussion (of the paper Harland Bartholomew, Am. Soc. E., presented 
the Joint Meeting the Surveying and Mapping Division and City Planning Division, 
New York, Y., January, 19, 1928, and published August, 1928, Proceedings), printed 


Proceedings order that the expressed may brought before all members for 
further discussion. 


Executive Engr., Regional Plan New York and Its Environs, New York, 
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regional planning proposals) getting into the city planning field. Moreover, 
essential that certain cases. For example, general plan 
for highway proposals may include new connection across section which 
presents particular difficulties, due, either topography intensive develop- 
ment. order make sure that such proposal practicable may 


necessary prepare detailed this section the route. 


would the nature city planning study. Again, might desirable 
present, part plan report, typical design for highway 
grade separation suggested for the location railroad line 
through suburban territory. Such plans would city plans, but regional 
application. 

Mr. Bartholomew has classes basic maps which recom- 
the inch, 000 ft. the inch, and 200 ft. the inch, respectively. states 
that the second class—on the scale 2000 ft. the inch—is sufficient for 
preliminary locations general delineation districts for 
zoning. This constitutes regional planning far can shown 
map. 

Therefore, seems the speaker that the 200- ft. scale map more 
detailed and larger scale than needed for regional planning. 
would suggest, however, that for the efficient development regional plan 
there need for intermediate class maps which would come 
between Mr. Bartholomew’s first two classes, which should 
about mile the inch for large regions and about mile the inch 
for smaller regions: This necessary because the scale map too 
large for general study proposals order determine their regional 
For that purpose one must have map which can ‘see the 
region glance and can also study specific projects both their 
entirety and relation other parts the preparing the 
regional study for New York and Its this intermediate type 
base map was prepared scale in. the mile. 

determine even the best general lines regional plan considerable 
detailed information the map, and difficult add 
this readable form scale miles the inch. can done much 
more readily the intermediate scale suggested. The data that are needed 
the 000-ft. base maps, have been very well Mr. Bartholomew, 
but the speaker believes that many the illustrative drawings and diagrams 
which states can prepared that scale, may better shown upon 
simple outline maps the scale suggested for the first class base maps. 
They then would not confused mass detail beneath. 
apply the maps showing population statistics and the movement persons 
vehicles, ete.t This type information should include, not only present- 
day conditions, but in.some series maps representing 
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different, dates, that past trends may established indication 
probably will desirable also to, have which show 
the territory 100 200 miles distant from the center the region.. This 
may needed show the relationship other adjacent regional 
show the routes the main trunk-line facilities which supply the region 
and connect with other population and business centers. (See Fig. 


moms 
Fie; YORK AND ENVIRONS, SHOWING PRINCIPAL ‘CONNECTING RAILROADS. 


There one very important type information which Mr. Bartholomew 
has not mentioned. There are existence great many maps which show 
certain uses land, but they refer mostly the various types public 
open spaces and such unbuilt areas are devoted agriculture, forestry, 
cemeteries, golf and country clubs. There also needed, regional 
planning, information regard the general classifications the varidus 
types built-up land. topographical map may indicate that certain 


‘base map for the regional studies. making these enlargements con- 


apers. 
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proposal perfectly feasible far the various physical 


are concerned, but when one comes analyze the proposal the basis 


existing uses developed land, may entirely impractical because its 
interference with structures which cannot destroyed without prohibitive 
expense. Therefore, base maps should supplemented information show- 
ing broad classifications such land uses business areas, closely developed only 
residential areas, industrial districts, etc. the New York study this fran 
information was shown sectional maps scale in. equals official 
ft., making when assembled map about ft. square. bearing 
There considerable difference between the functions official and 
unofficial regional planning organization. The latter must necessarily central 
deal only rather general locations facilities because has authority 
lay down location through municipality; but the functions 
official regional planning organization may well overlap those city ical 
planning body. 
example this furnished the activities the Ruhr Siedlungs- also 
verband Germany, which was created the Prussian Government for 
developing and carrying out regional plan the Ruhr District, 
economic unit about 100 miles long and miles wide. The way which 
this body has functioned should interest American planners. prelin 
Detailed plans showing the widths and locations traffic lanes were made would 
the local municipalities counties their own expense, but under the 
vision the general organization. case especially difficult problem 
the Siedlungsverband may prepare and pay for detailed plans. Construction 
within city limits paid for the’ municipalities, but within areas 
corresponding the towns townships this country the Siedlungs- 
verband. This indicates that the German officials, this instance, felt that tively 
details both planning and construction within city limits were primarily public 
city functions and not regional functions. The base map used was scale 
approximately in. equals ft., and very large amount tints. 
detail, including the type cultivation all the agricultural lands. 
One the most important things that has been stressed the paper 
the need better standard maps. There great need for improved 
standard, not only the type material shown, but also the scale 
upon which the maps are drawn. There would more effective aid 
for regional planners than the establishment and adoption such standards. 
the New York region, the Geological Survey maps scale 
were the only ones (and approximately uniform The 
the information shown) that were available for the whole central part 
the region. While these are excellent maps, they are, many cases, very this 
much out date and are not large enough scale serve effectively 
the detailed base map for either city regional surveys. 


Twenty-four the Geological Survey sheets covering the New York 
region were enlarged scale in. equals 2000 ft., and served the 


cont 


siderable amount revision and correction was incorporated. This 
the bringing date the names and boundaries political units and the 
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addition new large park areas, railroad lines, and major highways, and 
many cases considerable revision the shore lines. 

Municipal maps are any variety scales and types. great many 
them are merely outline maps, many which the streets are shown 
exaggerated scale. some cases the New York District there 
only one copy the official map incorporated community and that 
framed and hung the village clerk’s office. other cases, the only 
oficial map village little more than outline map showing the 
bearings and distances the various lines forming its boundary. The dis- 


and using the official map New York City base map for the 
central part the New York region lies the fact that the city map shows 
complete street system, although very large percentage these streets 


yet have not been acquired. the enlargement from the Geolog- 
ical Survey maps was considerably out date, did give much more 
accurate picture the existing development than the city map. The former 
also had the advantage showing the elevations 20-ft. contours, and 


furnished base map far more satisfactory for judging the possibility 
providing new facilities areas not yet intensively developed. 
ich standard maps could prepared and made generally available the 
preliminary work which must now done city and regional 
would vastly decreased. 

The speaker has never seen ideal base map for plan. 
Pictures it, should contain the following information: existing rail 
transportation facilities; all existing streets; all streets mapped, but unac- 
lines much lighter than those used for the existing streets; eleva- 
hat tively level areas; established bulkhead and pierhead lines; various types 
public and semi-public open spaces; the predominate uses improved 
ale land. (The last two types information should shown series 
tints.) 

great handicap regional organizations the United States 
to-day the fact that they have had spend much time and money 
base maps before they could really start any regional 
ale Planning. 
tions for with relation map The speaker believes that 
such requirements cannot established definitely hard and rules. 
The author specifies 20-ft. contour interval for maps drawn scale 
2000 ft. the inch. The speaker recalls maps Houston, Tex., which 
this rule would permit the use 1-ft, contours, prime requisite some 

the Gulf coastal plain country. Those interested regional planning 
should cautioned that very often, 2000 ft. the inch map, 2-ft. 
interval may necessary. Seattle, Wash., 100-ft. interval 
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Bartholomew has referred* the map Los Angeles County, Cali- 
fornia (including the City Los Angeles), made for county planning rather 
than for city planning purposes. true that the Army Air Corps made 
survey large part the county, but was the early stages aerial 
the actual results that particular case, little use was 
made the photographs. the other hand, large scale maps the 
vicinity Chicago, the use aerial photography has been found very 
valuable. possible minor details with increased accuracy 
photography, but the speaker believes that map scale 200 ft. 
the inch, the largest that can adapted this method. 

This important question, however, and one that deserves careful 
study. Aerial photographs should certainly used wherever they increase 
the accuracy the map. 


the State Highway Engineers New Jersey, the speaker gained new impres- 
sion the great value aerial surveying. This engineer was interested 
section highway running from the mainland the Coast New Jersey, 
distance about ten miles over bays, thoroughfares, creeks, and meadows. 
His groundwork control was the form kind belt-line, which was used 
connection with the aerial surveys. obtained such splendid results that 
was able make quite close estimate cost just from that information. 

Aerial surveying may become great value saving time and certainly 
supplies wealth detail that cannot secured with any reasonable expen- 
diture ground methods. 


advance the degree accuracy required maps used for various 
purposes. The present intention the Federation use the Geolo- 
gical Survey maps the basis for preliminary Through the 
co-operation the Geological Survey maps are being enlarged 
ft. the inch and are being roads and 
streets, boundary lines, railroads, names, and few other 
The speaker believes that the recommendations the regional plan must, 
necessity, quite general first and, for that reason, some inaccuracies 
base maps will not serious and even may some advantage, because 
too much detail often brings difficulties the way unnecessary arguments 
with property owners and other interested For instance, the 
matter planning major highways, suggestions are quite 
character—possibly not showing locations closer than 200 


300 ft.—the idea can “put across” with ease than they are 
shown exactly. 
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further mapping the Regional Planning Federation hopes supplement 
the Geological Survey maps with aerial mosaic its entire region 
approximately 4000 sq. miles. work progresses more exact mapping 
should undertaken. This might include, beginning, system 
triangulation into which all detail maps can accurately fitted. Certain 
parts the area are such character and are being developed with such 
speed that they should have accurate topographic maps scale not less 
than 200 400 ft. the inch, but for the region whole, maps this 
large scale probably will never necessary. 
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STANDARD CITY ENGINEERING SURVEYS 


Discussion* 


Assoc. Am. Soc. E—This paper covers the subject 
the city survey very thoroughly, without going into too much technical 
detail. may not amiss, however, amplify certain its phases. 

There great deal that may said regarding the triangulation points 
this type survey, because their distribution will vary considerably due 
differences the physical features the several localities. 

such places Pittsburgh, Pa., where the country possibly too hilly 
execute high grade traverse over the entire area, the distribution one 
triangulation station for every sq. miles quite necessary, but would 
better flat city like Washington, depend more the traverse 
and distribute the triangulation points more sparsely. Triangulation needed 
primarily control for the traverse and, therefore, distribution one tri- 
angulation station for every sq. miles should sufficient cities similar 
Washington where traverse executed easily and accurately. 

making geodetic control surveys would well strive for accu- 
racy the traverse nearly approaching that the triangulation. When- 
ever the triangulation carried through between bases with agreement 
closure least part 50000 the traverse which designed 
control. This would mean the average closure the traverse lines carried 
through between adjusted triangulation stations. The extreme accuracy 
the triangulation would then justified and the traverse would really cost 
very little more than that executed with accuracy part 000. 


This discussion (of the paper Robert Randall, Am. Soc. E., presented 
the Joint Meeting the Surveying and Mapping Division and the City Planning Division, 
Y., January 19, 1928, and published August, 1928, Proceedings), printed 


Proceedings order that the views expressed may brought before all members for 
further 


Jun. Hydrographic and Geodetic Engr., Coast and Geodetic Survey, Washington, 
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The traverse the all important part the horizontal control survey for 
the use the city and local engineers, because places points the streets 
which they actually use basis for all their horizontal survey work. These 
points well city, area and should have such 
accuracy that the engineer will never have resort the use the triangu- 
lation points, except extending the triangulation traverse over new areas. 

The author’s recommendation* for influencing State authorities co- 
operate with Government making surveys the country 
very good one. the past, however, has been found quite difficult 
obtain much aid from the State Governments, also well work for 
larger appropriations from the Federal Government itself for this purpose. 
has been estimated that with appropriation of, 000 the 
Coast and Geodetic Survey could complete all the projected control the 
United States about twelve This projected system would establish 
triangulation stations and bench-marks first second-order accuracy, 
distributed that there would one available within miles 
place. laying out this system extra effort will made establish 
points all the large cities the United States, which the municipal 
authorities can place their surveys ‘on the North American datum and mean 
sea level and thereby avoid any use temporary datum. 

The matter proper monumentation city work great importance. 
The usual give this part the survey too little consideration. 
Marks are often set temporary manner until the data are obtained and 
then they are destroyed. This means that order to. prevent duplication 
work when the control survey made, great care should taken selecting 
the, best possible locations for monuments and that they should then set 
permanent manner before any work done them. Permanent monuments 
should large and heavy enough, that they will not easily displaced 
frost other believed that all monuments that. are 
considered permanent control points should weigh least 500 Ib. and should 
set below the surface the ground iron cover the surface for 
protection. 

the completion geodetic control survey the city should then endeavor 
make cadastral survey connecting each individual piece property it, 
determining the co-ordinates the two corners which the property 
frontage. should then attempt have legislation passed the City Gov- 
ernment requiring all future property surveys co-ordinated with the 
control system before they can recorded legal surveys. attempt 
should also made have standard accuracy set for surveys subdi- 
visions which will undoubtedly admitted the city later date. 

connection with the control survey there should separate unit the 
City Government established and maintained for the purpose keeping 
the data proper condition for use, even the administration does change. 
This unit can also extend the triangulation and traverse over newly acquired 
areas and the necessary revision work the topographic map keep 
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date. can have each mark visited yearly order determine 
its and rewrite the description, necessary. 

The geodetic control survey great importance the map, 
the cadastral survey, and the city plan, but equally the 
construction bridges, sewers, and large buildings; also, the control 
the underground system pipes, such sewers, water pipes, gas pipes, electric 
conduits, etc. the underground system were co-ordinated the control 


survey there would longer any doubt the exact location each 
pipe and all other underground structures. 


his paper which states clearly the best practice city topographic surveys. 
The method control, both triangulation and traverse, that used 
number cities, and natural growth from the control methods developed 
the two Federal Survey Bureaus, namely, the Coast and Geodetic 
Survey; and the Geological Survey. 

The method filling topographic detail was first used 
surveys large-scale mapping the City Cincinnati the 
survey 1912. proved effective this work that has 
been used number more recent city surveys. 

The use projection lines for both geodetic and system recti- 
linear co-ordinates interesting, but the speaker cannot see that the geodetic 
co-ordinates are any particular use the city engineer. rectangular 
system co-ordinates referred the meridian the center the area 
mapped, very useful him, affording ready means translating from 
the map the ground his plans for various improvements or, vice versa, 
enabling him correct his map from year year street changes other 
improvements are made. Working with one fixed meridian for the entire 
area simple, but changes his meridian with each sheet eastward 
westward, the case with polyconic projection for geodetic position, 
hunting for endless and useless 

The speaker cannot agree with the author’s view, that aerial photography 
has place standard city engineering surveys. The aerial photograph 
carries great amount detailed information; that may incorporated 
accurately into the map, and the resulting map will better one than can 
made ground methods alone. 

1926 the speaker had occasion compare map approximately 
sq. miles made the usual plane-table stadia method, with map the 
same area made the same men, using combination plane-table and 
vertical aerial photographs. The general accuracy the two maps was the 
same, but all the detail stream location and expression shapes 
were favor the combination method. 


Am. Soc. all cities would make geodetic 
and topographic surveys the type described Mr. Randall, they would 
better prepared “carry on” more wisely and economically than present. 


Topographic Engr., Brock Weymouth, Inc., Philadelphia, Pa. 
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Even maps smaller scales those would 
great help. 

While commending this paper the that its 
value would increased reference the use aerial photographs 
more complete.* The impression created that method using aerial 
photographs city surveys exists other than the form mosaics, and that 
the perspective projection troublesome quality standing the way 
maps”, are concerned this criticism just areas low relief are excepted, 
but student this perspective quality, the photographs 
the thing promise the art surveying. ‘the only reason why there 
justification for the belief that, from the use aerial photographs, there 
come into general practice mapping method superior all respects those 
now utilized. 

well keep mind that from set vertical aerial 
photographs two distinet products may secured, each demanding for its 
successful completion the fulfillment opposed conditions. 
For the mosaic, every effort must made reduce the minimum, image 
displacements caused relief the earth’s surface. The use long- focus 
lenses and the adoption large overlaps between photographs are among the 
methods developed for this purpose. For map construction, where contours 
are drawn stereoscopically from information contained the photo- 
graphs, the procedure quite different. Economy, then, demands cameras 
having lenses short focal length and wide angle view, while accuracy 
contour delineation requires minimum overlap photographs not less 
than per cent. 

The value mosaic for city use is, Mr: Randall states, largely the 
great wealth detail carries rather than for any exact information 
supplies distances and directions between points. Its value should not 
under-estimated whenever there need for comprehensive picture either 
the entire city only some unimportant street corner. Street and railway 
systems, residential, industrial, and retail business districts, parks and wooded 
areas, stand out vividly their proper relation each other. That city 
which supplements its geodetic and survey means mosaic 
well equipped answer questions engineering planning nature. 
However, this use aerial photographs means their 
bilities. 

aerial photograph intended for topographic map construction must 
made with highly corrected lens and camera designed for mapping needs, 
because the photographs this case are substitute for the engineers’ note- 
books. the past, map accuracy has been largely dependent the correct- 
ness records made the field, and, consequently, for this new form 
surveying necessary extraordinary lengths secure true repre- 
sentation ground conditions the original negatives. When cameras 
capable supplying such photographs are used, there necessity ques- 

tion the accuracy the record. From the point view the map compiler, 
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very satisfying know that photograph always contains 
mation and that its precision always greater than demanded the map 
seale use. 

Although aerial photographs the type described carry hidden them- 
selves such reliable and accurate data, there justification present 
for the thought that ground control surveys should be’ abandoned. There 
justification, however, for the belief that the amount map control can 
materially reduced without appreciable sacrifice map accuracy. 

When realized that the photographs contain the great bulk data 
needed making topographic map, the problem then becomes one select- 
ing the valuable information and eliminating that part the record which 
value map construction. From the data retained possible 
construct contoured map any desired scale and contour interval. 
order have thorough understanding the method which this done, 
necessary know the effect the recorded image the 
focal plane the camera, relief the terrain, and the height which the 
airplane flights are made. will then clear that although the tilt aerial 
photographs may valuable some cases, the photographs, general, would 
far more valuable for mapping purposes did not exist. This being 
true the tilt must determined and eliminated the proper allowance 
counteract its effect. The accuracy with which the tilt determined 
important factor the resulting precision the map. 

doing should borne mind that this use the word not strictly 
correct, because the aerial photograph does not have common scale throughout 
does, for instance, good map architect’s plan. Two important reasons 
account for this: First, the tilt which inherent all aerial photographs; 
and, second, the relief the terrain within the area pictured. were 
possible obtain photograph horizontal area the earth’s surface 
with aerial mapping camera having the axis its lens truly vertical 
position, would found that the size the image could closely deter- 
mined applying the well-known law for conjugate images. This law, 
used aerial photography, that the ratio the size the photographic 
image that the object itself equal the ratio the focal length 
the camera objective the elevation the camera. this ideal case the 
photographs can truly said have definite scale, but when the terrain 
mountainous instead horizontal very different condition results. 

apparent that there must difference scale between points 
mountain summits and those valley bottoms because the mountain tops, 
being closer the camera, are imaged larger scale. matter fact, 
there are infinite number scale values found any photograph, 
for every possible contour plane the earth’s surface there corre- 


sponding scale value. Fortunately, the scale the photograph 


ondary importance mapping stereoscopic methods, and only neces- 
sary recognize that variation the scale photograph caused relief 
the terrain gives rise displacements image points. These displace- 
ments bear definite relations the differences height between points under 
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consideration, and measuring these displacements possible deduce 
difference elevation objects the earth’s surface. 

Such parallax readings, they are called, can made with great rapidity 
when spot elevations only are desired. contour lines are run out, 
measurements elevation whatevér are needed, only necessary 
set the stereoscope the parallax reading corresponding the elevation 
the contour drawn and trace the line over the plastic image. The con- 
figuration the contour line determined keeping the cross-hairs 
the stereoscope apparent contact with the plastic image the landscape 
they are traversed across the mapped. this can ordinarily 
done with great exactness, apparent that the contour line the locus 
infinite number points the same elevation, and that the need 
interpolate contours between points which have been instrumentally deter- 
mined the field unnecessary. The superiority this method partic- 
ularly marked when comparison made with maps which but few points 
were used control contour sketching. 

The accuracy with which the contours can located depends, general, 
the least vertical difference elevation which can detected through the 
stereoscope, and this, turn, depends the distance between the centers 
the being used and the elevation which the airplane 
was flown. order increase the accuracy height measurements con- 
tour locations only necessary decrease the flying height. This control 
the map accuracy very satisfactory thus possible predict with 
reasonable certainty the accuracy that will found the resulting map. 
This new and superior method can used whether the contour interval 
ft. ft., whether the map scale 200 ft. per in. thus 
applicable city well other surveys. 


American cities are faced with the difficulties getting appropriations for 
the completion city map, and yet all these cities want accurate assess- 
ment maps. The City Rochester, Y., has recently had the cost obtain- 
ing triangulation and rectangular traverse control financed through the 
need assessment maps. 

Many engineers are still clinging the older methods stadia survey- 
ing topographic work, using level and street improvement parties the 
winter when they can spared from their regular work. This very 
advantageous and economical cities the northern latitudes where street 
construction has abandoned during three four months year and 
where men are employed yearly salary. 


Am. Soc. E.—The speaker wonders how long will 
before engineering schools will called upon add instruction air- 
plane mapping their surveying courses. teacher has followed this 
new development carefully and has attempted get the viewpoint various 
engineers connection with the use and possibilities airplane 


Deputy Supt. City Planning, Rochester, 
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present, would appear that air methods are many cases distinctly 
economical for flat mapping. control essential; but map 
revision work where the only changes are culture and control already 
exists, undoubtedly “the” method. also apparent that contour work 
can done with almost any desired degree accuracy from photo- 
graphs. this work, however, high degree accuracy, small contour 
interval, requires photographs correspondingly large scale, which are 
costly. For relief, therefore, the majority cases, ground methods still 
appear offer the best economy. 

The rapid development the airplane since the World War yet has 
had little effect surveying instruction. There probably not 
school the United States giving instruction along these lines. Colleges 
are either marking time until this type work becomes more fully standard- 
ized and its proper place surveying practice fully developed, else they 
are convinced that, after all, the function the engineering school 
build that firm foundation general principles and methods analysis which 
will enable young graduate take readily the details any specialty 
with which may come 


importance educating the public that understands the need and uses 
comprehensive city map. North Adams, Mass., attempt was made 


several years ago provide topographic map used city planning 


and the general development the city. 

The scheme never got beyond the triangulation system. The public could 
not understand what use the signal flags the mountain tops and sides could 
the dwellers the valleys; the very important work making 
topographic map never was completed. 


connection with the mechanics the city 
work the Philippines. 1913, six engineers (including the speaker)— 
recent technical school graduates—were sent assist the expansion 
program cadastral surveys the Bureau Lands the Government 
the Philippine Islands. project this program embraced entire 
municipality, where some the properties the densely populated rice land 
areas had many dozen corners, but scarcely exceeded two ordinary 
city lots They had forget their vast store knowledge based 
“the southwest quarter the north half of”, and plunge into the technical 
maze geographic positions, stellar observations, rectangular co-ordinates, 
and the incidental voluminous computations. They also had learn the 
metric system measurements because was used exclusively. Incidentally, 
that system has some serious disadvantages from which duo-decimal system 
does not suffer. 

For each project the geographic position some readily accessible point 
had been previously determined the Coast and Geodetic Survey. The 


Cons. Engr., North Adams, Mass. 
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meridian through this point was chosen one axis the rectangular co- 
ordinate grid. This point was also used the point “origin” co-ordinates, 
being assigned the value (10000 10000 primary traverse was 
along the perimeter each project with allowable error 
Stellar observations corrected the axis meridian were used correct the 
azimuths obtained angles measured repetition 20-in. plates. The dis- 
tance measurements were corrected for slope, temperature, sag, and tension. 
The loop was crisscrossed with secondary traverses, and the lot corners were 
shot from stations interwoven tertiary traverses. Stellar observations 
were made Polaris, sometimes, but the favorite method was observe the 
first magnitude stars, Vega and Capella, elongation. This could done 
during the daytime, with increase efficiency. 

The party was usually made one white man and from seven twenty 
Filipinos. umbrella for the instrumentman was part the standard 
equipment. Credit must given the “boys” for the accuracy and speed 
the field work. They were very capable. 

During this work was learned that each project should 
width and length order away with errors due spherical excess and 
the pull the mountain masses. was also learned that where one side 
primary loop was included the loop for the adjoining project, the new 

could not obtained for each point the included section 
simply adding fixed and correction the old co-ordinates. 

The speaker wishes especially emphasize the fact that supposedly 
backward people have had this grade work done for more than fifteen 
years, while little interest extensive regional surveys displayed 
community leaders the United States even to-day. Cities 20000 and 
less have planning commissions that propose. big things, but the leaders 
such cities not even know what cadastral survey is, and the rectangular 
co-ordinate system usually looked being branch calculus. 
seems the speaker that the city survey should come first. Then the city 
plan can follow. The Geological Survey used co-operate with the 
States the making topographic maps. Some method of. co-operation 
between the Coast and Geodetic Survey and the cities that need plan- 
ning commission should developed whereby the Survey could supply the 
personnel and the experience and the municipality would bear the cost the 
work the survey. city should feel that has grown enough for 
dependable city plan until its city survey accomplished fact. 


est 
the 

br: 


INSTITUTED 1852 


PAPERS AND DISCUSSIONS 


This Society not responsible for any statement made opinion expressed 
its publications. 


FINAL 
THE COMMITTEE THE STRUCTURAL DIVISION 
FLORIDA HURRICANE 


Discussion* 


its recommendations may carried out establish fellowship 
one the engineering colleges, for study the entire problem wind- 
bracing. 

this connection the speaker suggests that series tests made. 
determine wind pressures large surfaces. Few such tests are available. 
and most these were made comparatively small surfaces, many years 
the light present-day methods experimentation, reasonable 
suppose that much more accurate results would 

The usual type beam and column connection illustrated some the 
structural handbooks, namely, seat angle under the beam and clip angle 
again been proved utterly inadequate the Florida hurricane. 
The speaker has seen building designed with such details pulled about 
out plumb during erection, due the thrust boom derrick handling 

small load. course, thin angles wind-bracing should never used. 
They bend and pull away from the rivets and allow the columns get out 
plumb. This same criticism applies light columns which the com- 
ponent members are not heavy enough transmit the load the wind con- 
nections without bending twisting, exemplified the buildings 
Miami. All this matter common knowledge among those who haye 
experience the supervision the erection the structural framework 
buildings. Wind-bracing details require very careful study and, course, 


Discussion the Final Report the Committee the Structural Division Florida 
Hurricane, continued from November, 1928, Proceedings. 
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should designed with proper care stiffness all directions. The 
speaker’s practice has been brace every bent longitwdinally well 
with connections having side angles every beam, even the 
height and shape are such may not neces- 
sary. During the erection the steel, framework braced ‘such details, 


rigid, easily kept plumb, and not readily distorted the swinging 
boom derricks. 


Angle 


SECTION 
A-A 


ELEVATION 


The speaker offers for consideration the typical design shown Fig. 
which often uses. has proved very efficient practice developing 
large moment without projecting brackets, and the members are easy 
erect. 

The speaker was the destructive St. Louis, Mo., May, 1896, 
and has still very lively recollection what happened. There were 500 
buildings damaged, 321 buildings totally wrecked, 255 lives lost, and all 
happened within less than min. Walls the buildings which were wrecked 
usually fell outward; roofs were lifted and carried very great distances 
some cases. The steel frame buildings—either finished course con- 
struction—which were well designed, were not damaged, while many the 
others with cast-iron columns and wind-bracing were seriously impaired, 
some being completely destroyed. One such building was twisted about ft., 
and another, six-story building with cast-iron columns and brick walls laid 
lime mortar, was pulled about ft. out plumb. 

The wind velocities were difficult record because the weather gauges 
blew away, but the speaker’s recollection that the highest velocity regis- 
tered was about 120 miles per hour before the failure the apparatus. 
committee very able engineers St. Louis made investigation imme- 
diately after the tornado and evaluated some the wind pressures, among 
which was one derived from the study circular brick smokestack, 160 ft. 
high, which was blown over about ft. above the ground. They found that 
this stack must have been subjected pressure least lb. per sq. ft. 
over area 110 ft. high ft. diameter. valuable paper* 
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the wind pressures the St. Louis tornado was written the late Julius 
Baier, Am. Soc. 

There are apparently two different methods that 
are use among structural engineers. One these, only partial bracing 
the bents, exemplified the buildings Miami. Quite 
number buildings New York City have wind-bracing around the walls 
only, the theory being that the floors act horizontal girders they will 
transmit the wind pressure the intermediate columns into the ends 
the building into which all the bracing placed. 

The speaker condemns this method unreservedly because unscientific 
and not good his firm conviction after many years experi- 
ence, confirmed what happened the St. Louis tornado and elsewhere, that 
places where the size and height building require wind-bracing, every 
row columns should braced both directions. 

methods calculation, the speaker agrees that for high buildings 
the ordinary methods are too inaccurate, but that the more accu- 
rate “slope method altogether too complicated and cumbersome 
for the practising engineer. 

the majority buildings which the engineer has design for 
the requirements economical and efficient space layout, from the standpoint 
the use made the building, are more important than the simplifica- 
tion the design the.steel, and rarely happens that the columns are 
spaced uniformly even symmetrically about axis. such irregular 
cases the problem calculating the stresses the wind-bracing the “slope 
method, any other accurate mathematical analysis because 
the many unknown quantities would involve many simultaneous equa- 
tions make the solution the problem impractical, not impossible. 
The case the 48-story American Insurance Union Building, Columbus, 
Ohio* interest this connection. This building has six columns cross- 
wise and was almost symmetrical about the axis, and was assumed for the 
calculations. Other assumptions were made that was possible get 
results which were correct for that part the structure below the fifth floor 
only. This required, however, the solution thirty-two simultaneous equa- 
tions containing thirty-two unknowns. The time and expense involved 
making these calculations would prohibitive engineer active prac- 
tice even were expert mathematician; and, furthermore, the struc- 
ture were not symmetrical about the axis mathematical solution would 
impossible. 

For comparatively low buildings with several rows columns the “can- 
tilever method” well worth considering. seems give safe structures 
and quite simple apply; but for high narrow buildings not suf- 
ficiently accurate, and necessary, therefore, find some other way which 
will prove sufficiently accurate, and the same time much easier, more 
practical, and far less expensive than any mathematical method thus far 
developed. George Beggs, Am. Soc. E., has developed such 
method, using models cardboard celluloid, and quite recently inter- 
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modification this has been offered Mr. Anders 


brass rods place cardboard celluloid models.* 
regards the amount wind load use, the speaker for 


tall buildings probably more nearly accordance with actual conditions 


use higher wind pressure the top than the bottom, commencing, for 


‘example, with per sq. ft. for 60-story building and this 
per sq. ft. the level the fourth floor. 


‘These loads might apply almost all-districts throughout this 
but the hurricane tornado districts, they, should 


one-third. 
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PAVEMENT OVER POOR SUB- GRADE 
PORT NEWARK, NEW JERSEY 


this paper with much condition the author one 
commonly encountered around San Francisco Bay, where nearly the entire 
north and east frontages—San Pablo Bay and Suisun Bay—consist marsh 
width from nothing miles. The State and county 
highway the crossing these marshes numerous 
trunk which carry very heavy traffic. The sub-surface for- 
mation somewhat similar that which the author describes, the top 
ft. being growing and decayed vegetable matter, underlaid mud extremely 
soft the top and increasing density with depth, until reaches the con- 
sistency ordinary clays ft. below the surface. 
observation and study the highways constructed over these 
tidal marshes the writer the opinion that conditions are very favorable 
for the maintenance hard-surface pavements. The condition 
sure, must reckoned with, this settlement and 
puts extraordinary stresses into the pavement slab. Trouble has 
encountered the railroads when single-track embankments narrow width 
have settled extraordinary degree and, with the increase weight 
equipment’ train loads, have sometimes caused outside the 
embankment, necessitating extraordinary preventive measures. This condi- 
tion, however, not highway construction, since the width the 
embankment much greater than that railroad and the superim- 
posed load much lighter. The writer has known some the highways 
settle from ft. ft., due more the drying out the marshes 


This discussion (of the paper Chester Mueller, Jun. Am. published 
September, 1928, Proceedings, but not presented any meeting the printed 
further discussion. 
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the relative settlement the fill itself. This settlement, however, has been 
absolutely uniform, with the exception the approaches the solid ground 
the terminals, and the approaches such bridges and culverts are sup- 
ported pile foundations. unequal compacting the 
embankment much more serious matter than the settlement the marsh 
soil beneath. 

From study the various diagrams accompanying the paper the writer 
unable see the reason for placing tile-drains beneath the pavement itself. 
After the drying out the sub-grade and the placing pavement thereon, 
practically water can reach the sub-grade from above for the limit the 
pavement itself. Any water the sub-grade must come from beneath 
from the sides. From study the elevations given Fig. the pavement 
well above ground-water elevation. Any moisture from the sub-grade from 
below, therefore, must brought capillarity, and drains are useless 
for unwatering soil moistened capillary attraction only. The writer 
believer side drains and, where side ditches are out the question, 
believes that tile-drains the type described the author placed imme- 
diately under the pavement edge are efficacious carrying away water 
which otherwise might follow the line contact between the pavement and 
sub-grade and add the moisture beneath. This merely problem, 
however, keeping outside water from reaching the supporting grade rather 
than carrying away water already there. would seem, therefore, 
that the center drain shown Fig. little value since the entire 
sub-grade must saturated order for function, and that the 
location shown Fig. actually harmful producing condition 
saturated sub-grade for the outside ft. the pavement and relatively 
dry sub-grade for the remainder the width, 

Regarding the rolled cinder fill shown Fig. placed the, 
concrete slab, this conforms practice prevalent many localities. The 
writer, however, has never believed its necessity its The theory 
under which this type construction often used that, interposing 
foreign layer between adverse subsoil and concrete slab, stresses orig- 
inating the subsoil will not communicated to, the slab. The writer 
believes that other methods fulfill this function more efficiently and 
much smaller cost. for drainage, while permits lateral water reach 
the center drain with more facility than would through the ordinary sub- 
soil, the writer’s belief that the water should excluded alto- 
gether. stated, capillary water coming from below would not flow and, 
consequently, would not conducted the drains through this 

The writer does not wish considered offering these comments 
spirit criticism, but merely express his ideas the hope that. the dis- 
cussion may bring forth more complete understanding principles 


governing continuously supported slabs. believes that such papers that 


submitted the author are great value submitting construction methods 
general the membership, which cannot fail bring forth 
valuable suggestions and tend standardize practice. 
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COUNTY SEWER DISTRICT WORK OHIO AND 
ASSESSMENT COST ACCORDING 
BENEFITS 


might interest some the points mentioned were discussed briefly 
from the standpoint representative municipality, approximately 
300 000 population, engaged furnishing sewerage and water service several 
such county sewer districts. 

Recent estimates the Census Bureau credit Columbus, Ohio, with 
population 291000 July 1927, the area the city being approxi- 
mately 32.5 sq. miles. The trend development and around the city 
principally north, northwest, and east, which makes necessary for sewage 
from practically all County Sewer Districts transported 
and disposed the sewers and sewage disposal works Columbus. 
present, plans process preparation the City for intercepting sewers, 
relief sewers, and sewage treatment, contemplate provision capacity for 
sewage from about sq. miles outside the present city, large part this 
area being established county sewer districts. date, about miles 
sewers have been constructed under the jurisdiction the County Sanitary 
Engineer, which, about miles are tributary the sewerage system 
the City Columbus. 

The City charges the population, residing county sewer districts and 
suburban villages adjacent thereto, tributary its sewerage system, amount 
which arrived accordance with the following rate schedule: $4.00 per 
year for single houses; $3.50 per year for each side double house; $3.00 


This discussion (of the paper Bradbury, Am. Soc. presented the 
meeting the Sanitary Engineering Division, Columbus, Ohio, October 13, 1927, and 
published September, 1928, Proceedings), printed Proceedings order that the views 
expressed may brought before all members for further discussion. 


Sewerage Relief Engr., Columbus, Ohio. 


re, 
he, 
ig- 
ad, 
les 
x y 


252 BONNEY, COUNTY SEWER DISTRICT WORK OHIO 


per year for each apartment apartment house; and $1.00 per employee per 
year the case stores factories, the number employees being based 
the average number employed during six months’ period. 

There are now approximately 000 persons county sewer districts and 
suburban villages tributary the sewerage system the city, who are 
paying annual charges the City accordance with these rates. 

The rates now use were established several years ago and were based 
City officials have raised the question 
whether not they represent adequate return the city meas- 
ured the money invested and the service rendered. The City now making 
comprehensive study the situation with view toward the establishment 
rate for transportation, pumping, and sewage from county sewer 
districts and suburban villages, which once will fair and equitable 
all parties concerned and which will based the cost construction, 
operation, and maintenance. This problem being approached accordance 
with established valuation and rate-making principles. 

Close co-operation maintained between the County and the City with 
respect basic design assumptions, boundaries districts, etc., and while 
the rates sewage flow, ground-water infiltration, etc., provided for are not 
identically the same, results—which all intents and purposes are close 
agreement—are reached. the matter the allowance for ground-water 
infiltration there considerable difference between the rates used the 
County and the City. Mr. Bradbury has stated* that provides capacity for 
gal. per acre per day, while 750 gal. per acre per day—equivalent 
about 25000 30000 gal. per mile sewer per provided for 
the City. 

There perhaps some question the allowance 3000 gal. per acre 
per day. This higher figure than commonly used, but conditions 
some districts contiguous the city may justify it. For some time there 
has been doubt the speaker’s mind the sufficiency the City’s allow- 
one two instances there have been indications that ground-water 
leakage exceeded 750 gal. per acre per day. some the city 
served separate sanitary sewers and storm drains, considerable overloading 
the sanitary sewers takes place during wet weather. certain extent 
ground-water infiltration doubt accounts for some the overloading, but 
roof water connections and the entrance surface water make practically 
impossible even estimate approximately the quantity. Efforts are now 
being made the City disconnect the roof water and surface water con- 
nections, and once this accomplished infiltration measurements can made. 
about miles sanitary sewers now under construction the city every 
precaution being taken reduce ground-water infiltration. type pre- 
cast asphalt gasket being used the joints, 3-ft. lengths pipe are being 
installed, and special attention being paid manhole construction. When 
this work completed and before house connections have been made it, 
planned attempt measure the leakage during wet season. 
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regard the assessment cost proportion benefits, Mr. Bradbury 
has presented* what might appear complex method measuring the 
benefits derived the installation sewers and has shown very 
simple operation. seems fitting and proper that the element value 
before and after the sewer has been installed should considered, and his 
method handling this factor would seem just and equitable all. 
has not been the City’s custom adjust assessments the basis valua- 
tion. Ordinarily, 98% the cost sanitary sewers assessed against the 
benefited—2% being borne the city large. The 98% usually 
distributed over the district proportion frontage benefits. the case 
storm drains the practice the part the City has been somewhat varied. 
some cases the property benefited has been assessed the entire cost minus 
plus the cost drains street and alley intersections and, some in- 
stances, the entire cost has been carried the city large. 

contended some that the installation sewers and water mains 
county sewer districts contiguous municipal corporation operates 
the disadvantage the municipality that district once with 
sewer and water facilities and other utilities not particularly desirous 
being annexed the municipality. This may true some extent but 
usually the advantages community derived annexation over- 
balance any possible disadvantages; hence, when the district does come into 
the city represents asset the way complete and well-designed 
and constructed water and sewerage systems. Certainly municipality 
fortunate having the extensions its sewerage and water systems into 
county territory made under capable engineering supervision. Annexations 
the City Columbus since 1920 total approximately sq. miles, which 
would indicate some extent least that the city continuing its former 
steady growth area and that the construction sewers and water mains 
under the County Sewer District Law has not been disadvantageous the city. 


ally adopted the Ohio Legislature 1911, was rather crude and unwork- 
able tool; but contained the basic elements most needed and useful 
iastrument. was required only the refining protests, Covrt 
actions, the experiences use, and several legislative amendments over 
period seventeen years, make what now felt practically 
impregnable act. meets real public need connection with the develop- 
ment property for residential purposes the suburban areas surrounding 
the larger centers population. Other States would well profit from 
Ohio’s experience the creation and operation its Sewer District 

show the extent which the being utilized Ohio, was 
estimated, when the law was jeopardy for several months preceding the 
1926-27 session the Ohio Legislature, that water and sewer improvements 
costing approximately $50 000 000 were under way contemplated under 
law the twenty more counties the State which had established sewer 
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districts. 


natural outcome the tendency urban residents get out into the open 
spaces surrounding the cities proper building their homes. Not only 
are the unincorporated areas surrounding the larger cities Ohio taking 
advantage the law, but many the suburban villages are utilizing 
finance water and sewer improvements which their taxing limitations would 
otherwise prevent. The law has also been especial service summer resort 
communities, from which much typhoid emanated due bad 
sanitary conditions. These resorts are now being rapidly cleaned given 
modern conveniences the help the law. 

The determination the proper boundaries sewer district (or the 
area assessed for any improvement) is, Mr. Bradbury states,* 
difficult one because depends judgment the probable development 
the territory the future. would obviously unjust assess for 
trunk sewer the area entire township (if such area happened the 
water-shed such trunk) when only small part the area immediately 


benefited. the other hand, the engineer must firm including, within 


assessment district, farm land which immediately adjacent and 
the line subdivision development, and is, therefore, quite obviously benefited 
the improvement spite most vociferous protests the contrary 
the present property owners who are thinking benefits solely terms 
added income from the sale crops. Under the Ohio Sewer District Law, 
the Courts will undoubtedly uphold any assessment the engineer has been 
reasonable. 

regards the basis design for sewers, especially that per capita 
flow, the speaker believes with Mr. Bradbury -that necessary quite 
generous making allowance for concentration development and also 
for ground-water infiltration. The speaker finds the curves maximum, 


with average, flows sewers—as prepared Robert Morse, 


Am. Soc. E.—to quite useful and safe for small sewers. The matter 
ground-water infiltration serious one, and should always given careful 
consideration, depending the character the soil and the normal. ground- 
water level. Although bituminous materials have been used for sewer joints 
for many years, their general use has developed only This has re- 
sulted flooding the market with many bituminous compounds, some 
which are almost worthless, and the engineer must prepared approve 
only those which will effective. reputable testing laboratory Cleve- 
land, co-operation with the speaker, has prepared the following specifica- 


for bituminous compounds and the speaker requires that any such com- 


pound proposed for use sewers must meet these 


“The compound shall consist bituminous material mixed with mineral 
matter. shall melt and flow freely 250° Fahr., and shall show loss 
weight when brought temperature 400° Fahr. shall adhere firmly 
glazed surfaces pipes, sufficiently withstand internal pressure 
under conditions obtaining practice. When set shall have sufficient 
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elasticity permit slight lateral flexure without injury the joints 
breaking the adhesion the pipes. 

“The amount bituminous material extracted carbon bisulfide shall 
not less than 40% and the weight mineral matter determined ash 
shall not exceed per cent. 

“Tt shall show deterioration any kind when immersed for period 


bituminous joint has been developed recently which the speaker 
believes progressive step, although its efficiency depends quite 
extent the skill and care with which pressed “home” fill the joint. 
Until sewer pipe joint has been developed which “fool-proof” and certain 
make tight joint, under ordinary conditions placing, ground-water 
infiltration will continue, and the engineer, designing sewers, should make 
generous allowance for this factor. 

The major part Mr. Bradbury’s paper covers the subject special 
assessments, and rightfully so, Mr. Bradbury has spent great deal time 
and has developed much original thought the subject.* reading much 
the available literature the subject, the speaker has been impressed with 
the fact, that, Mr. Bradbury the problems involved special assess- 
ments have never been thoroughly analyzed. least, hard-and-fast rules, 
and but few basic principles, seem generally accepted. There wide 
divergence opinion what elements make special benefits and various 
methods are, therefore, force different parts the United States: This 
probably due, part, the fact that variation necessary order con- 
form local conditions well type improvement. 

Quoting well-expressed definition special assessments, they are “com- 
pulsory contributions paid once and for all defray the cost specific 
improvement property, undertaken the public interest, and levied 
the Government proportion the special benefits accruing the property 
owners”. Another defines them “general proportional contributions 
wealth levied against land and collected from its owners and 
defray the costs specified public improvements made, specified public 
service undertaken, the interest the general public.” 

Special assessments differ from general taxes that the latter are levied 
provide for all general public needs, whereas the former are levied meet 
some special need property situated area created for the express pur- 
pose such and possessing other purpose. Furthermore, taxes are 
levied continuously, while special assessments are exceptional, time 
well locality, and should made only where the property assessed actu- 
ally increased value extent least equal the amount the assess- 
ment. 

one sense, almost all public improvements especially benefit some indi- 
vidual part the people any community. thus becomes matter 
judgment how far making special assessments. For example, the 
creation and maintenance parks are financed the City St. Louis, Mo., 
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special assessment within definite park districts. the City Cleve- 
land now installing “white way” lighting systems, the cost which assessed 
the property benefited thereby. Special assessments are also being used over 
the United States for financing irrigation, drainage, excess condemnation, 
re-paving, and rapid transit well water, sewers, sidewalks, paving, and 
grading improvements. Thus, may stated that the special. assessment 


method financing public improvements gaining favor. This probably 
due general tax limitations, and also the fact that being more and 
more recognized that special assessments place the burden directly. the 
property benefited. The problem determining what property benefited, 
and what extent. doubt 
The relative amount the assessment each case rests with the engineer, 
with group special appraisers, and although practically impossible 
for them secure ideal justice for every one affected, results may obtained 
careful thought and intention few basic principles, which cannot 
criticized and, therefore, will not invalidated the Courts. 
Although fundamental that any property which not especially bene- 
fited improvement should not especially assessed, equally true 
that all property which receives some benefit should receive some part the 
assessment. All public, quasi-public, private property seems assessable 
when benefited, such schools, cemeteries, churches, parks, and railroad that 
rights way. seems recognized that any exemption benefited 
property from assessment unsound, and the assessment. should ‘be spread 
where the benefit rests, whether such benefit the general public and 
private individual, and any exemption from assessment places added burden 
the remainder the property assessed. 
Although the topographic and other natural features the property are efit 
quite often made the cause reductions the special assessments, some 
Courts seem hold that variation the unit assessment need made ass 
this account. One Court has decided, for example, that lot which lies 
below the level the street improved, does not benefit less than the 
adjoining lot the street level, the improvement there, taken 
advantage filling the property, and the assessment for such lot, there- 
fore, was upheld. Some authorities and also some Courts, however, disagree 
with this reasoning, stating that the assessment for such lot should reduced 
some extent. 
There are also other reductions which should made. For example, where 
allotted and unallotted lands are being assessed for the same improvement, 
part the latter should exempted, equivalent the average area which 
streets the allotted section, and thus free from assessment. 
The power levy special assessments generally held the Courts 
continuous one; that is, many assessments may made on.any parcel 
land, for benefits derived from various extensions any improvement, 
may necessary, long special benefits can shown from each assess- 
ment. This principle may taken advantage of, for example, progressive 


program sewer construction extending over term years, complete 
sewer system with single main outlet. The outlying territory ulti- 
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mately the main trunk sewer may for its reasonable 
the cost each part the outlet, interceptor, trunk, lateral 
sewer until the local service pipe provided. Such assessments, however, 
should always made that the entire area drained the system will 
assessed approximately equal amount, the date when the local service 
obtained. 

Although there are many factors involved the determination propor- 
tional. benefits, Mr. Bradbury, the speaker wishes particularly 
mention the use valuation. The author has developed method for the 
use valuation land factor determining the proper apportionment 
assessments, which quite unique and deserves recognition. There 
doubt the speaker’s opinion that valuation, properly applied, leads the 
direction ideal justice the computing, assessments. There are, how- 
ever, many difficulties well objections its use, which, for the purposes 
the speaker wishes emphasize. 

When valuation used, the assessment distributed proportion the 
assessed valuation the land the time the improvement made, some 


proportion such valuation. Quoting from the National Municipal Review 
February, 1922: 


“Tt favors cheap land the expense dear land and fails recognize 
that the present value land due conditions existing before the improve- 
ment contemplated completed and that these conditions may com- 
pletely altered the improvemment” 


and, may added, conditions arising after the assessment 
made. other words, the valuation method, although some cases particu- 
larly adaptable the securing equitable assessments proportion ben- 
efits, unstable when compared with the area and the foot frontage, these 
not change from time time, does the valuation property. Special 
assessments should always levied produce equal and uniform justice 
throughout the life the improvement. for this reason that consid- 
eration should given built-up compared vacant land, the benefit 
the same each case. 

The use valuation may result unjust assessment the valuation 
property may change rapidly, due private improvements, whereas the benefit 
from the public improvements nearly the same for improved for unim- 
proved property; also, valuations are often unreal and unjust and decidedly 
not date, taken from the tax duplicate, merely the present judgment 
one more men, case real estate experts are called pass the 
matter. 

The author’s line regards the use valuation quite 
logical but the speaker believes that valuation cannot used with surety 
that justice being served. The determination relative valuations arbi- 
trary and assessments made with valuation factor will likewise 
arbitrary. High-class property should not necessarily assessed more than 
low class, merely because more valuable, because often the so-called low- 
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class property made high merely the addition water and sewer 
improvements. agreed that the use made land not measure 
benefit, but surely affects its value. Therefore, does not follow that value 
itself not measure benefit? the other hand, there doubt 
that enhancement value reason improvements true measure 
the special benefit property, that failure use land should not relieve the 
owner from assessment. However, property enhances value from improve- 
ments proportion its accessibility and the time the future when use 
will made the improvement. these factors, well the topog- 
raphy usable area the property, are properly taken into consideration, 
there doubt whether the valuation factor proposed the author* 
does not carry the decimal point too far, were; especially this true 
when the relative valuation the various parcels must first assumed and 


then arbitrary assumption made that the values vary proportion the 
square root. 
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This Society not responsible for any statement made opinion expressed 
its publications. 


THE ENGINEER’S PART MAKING 
THE HIGHWAY SAFE 


the highway engineer’s responsibility. success with which critical 
danger points have been either wholly eliminated reduced in, hazard 
careful study specific conditions, as, for instance, the State Maryland, 
establishes beyond question that certain features highway design and con- 
struction are responsible many cases for the accidents, and 
also that the correction these conditions may relied upon provide con- 
siderable remedy. 

Mr. Hinkle has not touched upon this general way and 
deserves attention. When Maryland first began collecting accident records, 
the ordinary wall map pins locate the accidents they was 
used. the course the report the pins accumulated significant clusters. 
The engineers the State Highway Department made careful study each 
these dangerous points and without knowing the details the accidents they 
were able find conditions which obviously needed correction. Whether 
they found all the conditions, both major and minor, which were responsible 
for the accidents makes difference. The work done the way flattening 
curves, superelevation, widening, clearing the line sight, served 
reduce the number accidents such points significantly. This obviously 
the first and simplest method attacking the accident problem far 
the reconditioning existing roads concerned. 

obvious that there still will remain scattered accidents, more less 
well distributed over the highway system, but what extent the engineer 
responsible for such accidents more difficult determination. 


This discussion (of the paper Hinkle, Am. Soc. the 
meeting the Columbus, Ohio, October 13, published 
September, 1928, Proceedings), printed Proceedings order that the views expressed 
may brought before all members for further discussion. 
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The Association State Highway Officials has recommended that all 
States adopt the form accident report now used the National Safety 
Council. This report, used, will disclose some the miscellaneous causes 
scattered accidents. study the annual record will indicate corrections 
that may necessary where clustered not occur. 

One the important points the paper appears the relativity 
dangerous conditions.* The combining sharp curvature and long tangents 
which there considerable sharp curvature-with long connecting tangents. 
the first condition the sharp curve unquestionably more dangerous than 
the second condition. Another important point the avoidance com- 
bination bad example, maximum curvature and maxi- 
mum gradient should not combined, 

Mr. Hinkle considerable details which have 
relation existing hazardous conditions, and attention should drawn 
the two classifications into which these details may grouped. There one 
group susceptible approximately uniform treatment. this are width 
traffic lane, minimum radius curvature, maximum gradient, maximum 
crown, superelevation, easement, widening curves, and width shoulders. 

There are other features which are not susceptible uniform treatment, 
but among which definite relations may established. instance, the 
succession curvature, Mr. Hinkle shows,§ likely affect the safety 
the highway where long, easy curves have sharp curves unexpectedly intro- 
duced. Sharp curvature steep grades more dangerous than combi- 
nation with low grades; and sight distance, where highway conditions induce 
high speed, should adjusted both horizontal and vertical curves favor 
the traveler. 

Just what values shall assigned those details which are subject 
uniform treatment are still matters discussion, but there seems 
marked drift opinion toward certain values. Association State 
Highway Officials has recommended width ft. for each traffic lane 
standard practice, and this harmony with the report the Hoover 
Conference Street and Highway Safety. The speaker suspects that the 
made Mr. Hinkle between the three-lane 30-ft. road out 
Indianapolis, Ind., and the two-lane 18-ft. road out the same city had been 
made between 30-ft. road and 20-ft. road, respectively, the relative number 
accidents would not markedly against the two-lane road. With the 
speeds which are common the public highways to-day, 18-ft. two-lane 
road lacks element safety which can probably provided addi- 
tional ft. width. 

The width shoulder likewise detail which can given general treat- 
ment. The Association State Highway Officials has recommended mini- 
mum width ft. This will allow ample space for the installation the 
necessary markers and caution signs along the shoulders, and will provide 
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space for parking cars, thus removing the inevitable element danger and 
interference with which results from parking cars the surface 
the road. 

The values given maximum gradient will depend considerable 
extent the general topographic existing, but significant 
fact that new roads constructed the Rocky and Sierra Mountains better 
gradients have been secured than exist many the old established roads 
the Appalachian System. This rather effectively disposes the contention 
that extreme mountainous conditions demand large concessions the matter 
maximum grades.* Perhaps some concession necessary, but probably 
very slight any case. probable that main highways maximum 
grade can secured anywhere the United States without unduly 
the cost construction. clear, however, that reduction- 
grades this figure the old established highways the East cannot 
made without substantial relocation and the virtual construction new roads. 
The speaker believes that this will eventually happen, and that the main 
route through Southern Pennsylvania between Philadelphia and Pittsburgh, 
the old National Road through Cumberland, Md., and others, which are well 
known and heavily traveled through traffic, will eventually replaced 
roads substantially lower gradient. significant that the old North- 
west Turnpike passing through Winchester, Va., and crossing the Appa- 
lachian Mountains Romney, Va., which was laid out Crozet when 
was State Engineer Virginia, has maximum gradient 7%, whereas 
10% grades occur the road Pennsylvania, and the standard maximum 
the National Pike per cent. 

What value shall given permissible lengths different gradients? 
This question which might well investigated detail either the 
highway engineer the designer motor vehicles. For instance, the 
recent manualt for the erection caution signs, which has been adopted 
practically all States, there recommendation erect sign advising the 
traveler shift gears the top certain grade. The sign should ordi- 
narily used under the following conditions 


grade, more than ft. long. 

15% “ “ “ 
16% length. 


Obviously, the high gradients appearing this tabulation have reference 
grades existing roads, because such grade would ever designed 
highway engineer to-day; but probable that grades and 
will continue used roads, and the capacity the brakes 
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motor vehicle hold the car without themselves burning should studied 
determine the lengths the several gradients which safe build under turned 
existing practice motor-vehicle construction. the 
Mr. Hinkle also refers* the widening pavement dangerous inter- 
sections. whole subject highway intersections for general review 
and unquestionably variety solutions will have adopted, depending 
the conditions traffic found exist and the topographic situation 
the immediate vicinity. obyious fact that the traffic two inter- rec 
secting highways the capacity both continuously, the daily 
peak periods, those roads such times are only 50% efficient. Eliminating 
highway grade crossings entirely, would once raise this combined efficiency 
100%, but such substantial improvement can only made where the the 
very heavy both routes, and 
Probably the next most favorable treatment for such conditions the use appar 
the rotary intersection. This detail highway design which deserves use 
close analysis and study. means panacea, but unquestionably have 
increases the efficiency intersection where traffic heavy, and 
relatively inexpensive. The capacity such rotary intersection rural 
probably function the radius the center line the circular pavement data 
and the number routes delivering traffic Theoreti- ever, 
the width the circular pavement should 25% the sum mati 
width all radiating roads. There are not great many these rotary 
intersections existence, but where they have been used, the success their 
operations handling the large traffic flow certainly warrants further inves- 
tigation and probably considerable extension their use. 
Where rotary intersections are not possible, Mr. Hinkle offers solution* 
which simple and apparently effective within certain limits. should Ohic 
observed, however, connection with such widening that does not serve this 
greatly increase the efficiency the intersection and valuable princi- 
pally detail safe construction. For instance, widened pavement may syste 
attention dangerous intersection, but will only shorten the line road 
traffic which forced stop the small number that can crowd 
into the additional width pavement the point stoppage. Such widen- lives 
ing might advantageous railroad crossings where would indi- 
cation dangerous condition and also permit slightly greater freedom 
side prevent accident. sign 
This widening pavement, described Mr. Hinkle, has rather inter- seer 
esting limitation which recently came the speaker’s attention connection 


with design submitted one the States Federal Aid project. The 
proposed treatment intersection involved circular connection each 
the four quadrants the intersection and radius about 800 ft. was 
used for these curves. The result was geometrical pattern which the 
original intersection had left for direct traffic the two routes and 
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the circular curves, amounting total 360° with all the right way 


ied involved, were introduced merely take care that part the traffic which 
ler turned from one intersecting road the other. Had the entire area within 
the curves been paved the form widened intersection, would have 
er- been almost capacious small city square. 
Finally, the speaker wishes call attention the fact that will 
almost impossible eliminate all dangerous conditions existing roads now 
constructed and service. Whatever engineers may new design and 
reconditioning, will many years before State Highway systems, even 
ily main routes, will entirely free from objectionable even dangerous 
details. Where these exist, the simplest duty the highway engineer 
inform the public pointedly and timely the conditions present, and give 
the driver warning that take care himself. The standard warning 
and signs adopted the Association State Highway Officials are, 
apparently, very effective this respect. Public comments favorable their 
use have already been received, and requests extend their introduction 
have been made some instances. 
the conditions producing accidents cannot made for 
rural highways to-day. best, only few States are obtaining adequate 
data highway accidents. Such studies are likely extended, how- 
ti- ever, the near future, and rapidly the highway engineer has infor- 
mation, should analyzed and its results developed the details high- 
way design every possible point application. 
Louis Am. Soc. frequently happens that the test 
carrying capacity roads this country occurs such holidays Labor 
Day. would instructive have record such unusual traffic move- 
ments compared with Sunday other holidays. hoped that the 
Ohio Transport Survey has such data will made available part 
this paper. 
Engineers not place sufficient emphasis the necessity properly, 
systematically, and regularly posting roads with uniform signs. rail- 
roads, there question that the adoption uniform system signals 
effect uniform purpose has produced great results the matter saving 
lives. the bituminous district Western Pennsylvania, the insistence 
the insurance companies, the same sign printed exactly the same manner 
conveys the same meaning every mine. 
Now, why should not the same uniformity prevail with reference road 
signs? There more urgent need than this. States, counties, and cities 
seem vie with each other endeavor produce highway signs the 
variety style and location, one the principal cities 
Pennsylvania along the William Penn Highway there are three red lights 
three intersecting corners; one them the right side the driver 
approaches it; the next one the center the street; and the next one 
over the left side. 


. 


there any logical reason why, driver passes over the State line 
from Pennsylvania Ohio, should find railroad ‘crossings marked 
entirely different manner? there any logical reason why road crossing 

“intersection” 

The suggestion has recently been that certain highways 
cities should “arterial roads.”* While this means something the 
engineer and the educated man, may fail convey its safety message 
the ordinary, uneducated driver seeking his way through the maze 
traffic strange city. 

Mr. Hinkle has well said+ that “if attention occupied with one 
thing cannot well give and seems the speaker that 
highway safety demands the adoption absolutely uniform system 
signals throughout the United States—uniform shape and color. 


ways, the speaker has noticed that drivers occasionally take the inside the 
curve making left-hand turn. Would not good engineering and 
designing for safety, the superelevation the outside the 
curve and thus encourage drivers the right side the road? 
some places, the outside the curve looks very. dangerous, particularly for 
cautious driver may tempted drive to: the inside the curve under 
such conditions. 

the speaker’s that the Bronx Parkway 
New York has standard design similar only difference being 
that the superelevation between the inside and outside lanes traffic 
decreased. far known, this method superelevation has proved very 
satisfactory the Parkway. The idea might well investigating 
for the sake safety the highways. 


mind that conditions vary rural highway compared with cities and 
villages. The superelevation function speed the vehicle and must 
kept mind that rural highways there mixed traffic and that 

possible make the superelevation high that trucks are inconvenienced 
it, particularly when the highway covered with ice. This com- 
plaint has been made some highways that carry heavy truck traffic. The 
superelevation fine for motor cars, but seriously inconveniences some 
the heavy trucks because they cannot maintain the speed necessary for that 
superelevation. 

There have recently appeared some advocates so-called rotary intersec- 
tion. Theoretically, this appears very fine, but not practicable where 
there any amount pedestrian traffic. noteworthy that where these 
intersections have been tried Columbus, Ohio, they have been abolished. 


American City, December, 1927, 761. 
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that Mr. Hinkle has performed signal service analyzing the situation and 
pointing out forcefully the duties the engineer. 

may necessary, order bring home Americans the realities 
situation, personalize the matter safety and emphasize dilate 
the financial costs accidents individuals has often and generally 
been broadcast recent years. countries where highway problems are 
older and often better comprehended, the safety the individual subordi- 
nated the safety and continuity the traffic whole. Thus, the problems 
may approached with less hysteria and with calmer judgments exactly 
Mr. Hinkle has tried well meet them. 

Under the head “Widening the remarks made seem logical, 
although the writer cannot agree any deduction that “spiraling” should 
not used “high degree curves”.§ 

Although Mr. Hinkle did not list “Advertisements and Signs” among the 
causes accidents for which the engineer may properly held directly 
indirectly responsible (according his actual authority), they are mentioned 
pertinently near the end the 

‘The writer thinks there are, the whole, and certainly often, too many 
signs along the highway. “Wolf! Wolf!” cried too often with the traditional 
effect. So-called “informative signs” the vision, distract the attention, 
and impair the caution the drivers These all fall 
within the scope the engineer. 

When comes advertising signs, the same worse consequence, 
words fail express the situation adequately. The writer firmly believes that 
advertising signs should permitted within 200 ft. the highway except 
for business done the premises, and then only under the approval (as 
location, size, and type form) the highway authorities. built-up 
sections, course, the rule would have modified. 

The writer confesses sympathy with the “prominent official”, quoted 
the author’s last when the eccentricities few drivers, 
the “peaks” average driving, run too far outside reasonable “load curve” 
for safe use well-designed highways. The engineer may well ambitious 
offer remedies for public benefit, but may equally well refrain from 
going too far attempting insure the survival the unfit. Some persons, 
the exercise their undeniable rights, may prefer “die with their boots 


throttle, and the engineer may, like best “sticking his 
last”. 


ject one increasingly vital importance all highway engineers. Safety 
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now important highways ever was railroads. continually 
more difficult attain, and there increase the public tendency 
blame mishaps the engineer. More than that, members the public 
are becoming familiar with the possibilities engineering, that they can 
criticize lapses with hitherto unknown accuracy and lack diffidence. 


Mr. Hinkle remarks,* exact line can drawn. One can place 
finger given set circumstances and say “reckless driving”, and upon bettere 
another and say “bad with considerable certainty.. The line lies and co: 
indefinite location between, that there will probably never legal The 
definition it. around 

The author, however, states* that “about 30% all accidents recorded 
Indiana 1926 were due highway conditions”. How can the figure top 
definite? say that any accident due “highway conditions” without 
qualifications say that driver could pass that point without acci- tive 
dent. Driver responsibility cannot eliminated from any accident; engi- 
neering responsibility can reduced infinitesimal. Engineers and longer 
drivers both need education, but the handling the latter the more difficult. same 

Alignment and Grades Bridges.—Bad grades lines are more definitely fact 
localized and noticeable bridges than elsewhere. The effect made more 
acute the fact that most bridges are narrower than the roadbed. lanes 

The State California has inherited vast number bridges built the where 
ancient principle crossing the stream (or railroad track) right angles, specia 
and torturing the line conform it. This twin the idea that, since fornia 
bridges are few and far between, hardship for traffic slow down for there 
narrow “gut”; hence, there are numerous bridges only ft. 
wide, main lines. The first fallacy has resulted numbers bridges 
atrocious alignment, lying wait catch the driver lulled into false sense Highv 
security long stretch wide, straight, modern highway. The second hundr 
forces the constant meeting and passing machines bridges too narrow ft. 
for safety, and, some chokes the traffic actual standstill. tice. 

The bridge-building program California years behind the highway but 
development, for reasons not within the scope this discussion; and although which 
the entire present State Administration anxious remove this condition ments 
fast humanly possible, will years before wholly The 
contrast some the bridges with the highways leading them has 

One definite step toward improvement can taken nearly any organiza- enters 
tion responsible for bridges; step which least will prevent the condition first 
from becoming worse; that is, policy compromise with bad alignment 
and narrow widths. Bridges should subordinated roads, not the reverse. 
the funds are not available with which build bridge properly, the build- Char! 
ing should deferred until they are, barring actually desperate conditions. sugge 
This the present working policy California and justified both morally 
and economically. bridge built which will merely better the traffic con- for 

ditions slightly, will have rebuilt sooner later great cost, meantime 
remaining public danger. the situation serious, and funds are limited, 
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better build structure cheap materials good line and grade, than 
permanent structure which will have altered superseded. Experience 
California has shown that the life concrete bridge, little too 
narrow line little too crooked, short that wooden bridge proper 
location will outlive it. 

astonishing how many existing bridge alignments could have been 
bettered with little additional cost, intelligent study topography 
and competent selection design. 

There are four common faults: First, the conventional practice going 
around hills rather than through over them (without due investigation 
comparative costs) second, locating engineers allowing themselves bluffed 
topography which looks formidable; third, unfamiliarity with the relative 
economy types construction; and, fourth, insufficient analysis rela- 
tive costs piers and superstructure. 

Again and again bridges built right angles save length, where 


and longer bridge another type could have been built good alignment for the 
ult. same money. All this would seem merely engineering platitudes, except for the 
fact that they are often neglected unexpected quarters. 

Widths California practice use multiples traffic 


lanes ft. wide, plus ft. each side; the additional ft. being omitted 
where there sidewalk. The widths are thus 24, 34, ft., etc., except where 
special conditions require other widths. Mr. Hinkle’s ft. against Cali- 
fornia’s ft. is, course, an- improvement, and probably desirable where 
there are less than three lanes. Where there are three lanes, more, not 
important. 

less than ft. wide are becoming obsolete California State 
Highways. One bridge being constructed 100 ft. wide, and another, several 
hundred feet long, being widened more than ft. Frequently, bridges 
ft. and ft. wide are built 20-ft. pavements; reversal former prac- 
tice. The apprehension such bridges not that they will too wide, 
but that they will too narrow within few years; but there limit 


which the public will permit the expenditure for wide bridges narrow pave- 
ments. 


The Railroad such thing good grade crossing. 
California all railroad crossings are eliminated where possible and are 


tolerated only under duress elsewhere. Consideration their relative danger 
enters the State policy only matter deciding which shall eliminated 
first with the use funds that will always insufficient, however large 
absolute figures. 

This difficult decision, although one which constantly has made. 
Charles Andrew, Am. Soc. E., Bridge Engineer for the State, has 
suggested that formula could giving reasonable mathematical 
values the various danger factors, and that crossings could thus set 
for elimination mathematically rational method. The problem, however, 
involved that one has made much progress with it. Meanwhile, Cali- 
fornia has many bad crossings that money danger being spent 
needless eliminations for years come. 
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Superelevations Roads.—All California highways than 
1500-ft. radius are now built with superelevations. Mr. Hinkle suggests* 
that superelevations steep enough cause sliding the inside under ice con- 
ditions, could taken care the use flat inner shoulder. The writer 
regards that suggestion dangerous. 

there real danger from this source, the superelevation should re- 
duced. Except where the bank very high precipitous, not dan- 
gerous skid off the outside encounter another machine the “blind” 
side while out control. 

limited with relation that the last one preceding valuable one 
which will endorsed most experienced engineer drivers. The writer 
familiar with situations where this would have saved much loss life and 
property. would seem that where long stretch easy alignment breaks 
into country where sharp curves are inevitable, considerable expense 
justified the gradual reduction radius for the first mile Has this 
ever been tried 

widening, take care the greater difficulty steer- 
ing and the traffic situations peculiar curves, seems desirable. Beyond 


certain point, however, widening the inside merely equivalent reduc- 


tion the curvature, owing the tendency machines crowd the 
Mr. Hinkle’s figure* 0.3 times the sharpness the curve, degrees, giving 
1.5 ft. for curve, and 3.0 ft. 10° curye, seems more reasonable for the 
latter than for the former. Driving around curve little more difficult 
than driving tangent. How was this formula derived? 

There is, for standard machines, certain critical curvature for each 
curves sharper than this, widening even ft. the inside pro- 
duces astonishing difference safety driving. Sharp curves Cali- 
fornia highways are being progressively reduced cutting back and adding 
oiled gravel shoulders the course maintenance work. seems desirable 
make studies determine the best minimum curvature for prevailing con- 
ditions—with due allowance for future “improvements” the 

Considerable safety can added cutting back the slope curves, 


leaving berm about ft. high over which the driver can see coming machines; 


the remaining bank keeps him the original alignment. 

Rough spots are more serious curves than tangents. bump which 
would not matter the latter case, will break tire traction and cause skid 
the former, owing centrifugal force. 


ft., except for dirt roads. California State highway pavements are 
crowned slightly prevent water standing the surface. Parabolic crowns 
were abandoned some time ago, the cross-section now being two straight lines. 
This makes for safe driving and easy steering. Some counties build pavement 
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even more desirable, because drainage needs handled 
only one side the road time. There seems little logical reason for 
shoulders all concrete pavements; ruts form the side. When machines 
run off the pavement, are forced off, they cannot brought back without 
severe wrench, and they are going any great rate speed, they may 
come back nearly out control weave across the road. 
accidents. Beveling the edge the pavement sufficiently 
permit the tire climb without jolt might advisable; would cer- 
Grades writer agrees with what said about grades and 
curves.* Mr. Hinkle, however, does not mention the effect grades 
aks ing down trucks and thus congesting traffic. would well the grades 
uld which cause the truck shift gear could determined, and avoided 
grade interrupted short piece steep grade where climbing trucks 
can depended upon “bottleneck” the whole stretch. general, align- 
ment should never sacrificed grade from the safety point view. Eco- 
nomically, the consideration the other extreme, especially for slow 
the freight traffic will increasingly separated from light car traffic, roads 
its This will bring about two distinct standards highway engineering, 
not only alignment, but pavement and bridge construction. Obser- 
traffic conditions Southern California leads one believe 
impossible that public patience will tolerate the present awkward mixing for 
pro- 
many more The attempt handle hundreds freight vehicles, includ- 
ing trucks and trailers with combined length ft. and weight 
able tons, over the same two-track road with large-volume light-car traffic, 
seems inevitable that major highways the future will four-line; 
there will center lines for through traffic with upper speed limit, but 
with minimum speed miles, and side tracks for local and slow traffic. 
Width and Safety.—Without doubt width contributes safety. The cause 
most accidents the inability the driver maneuver, maneuver 
time. wide road not only has room handle the machine and 
hich enough space see what transpiring ahead, but machines also tend keep 
skid away from one another. 
Rights standard width was ft. when the original system 
in. California State highways was laid out 1912. The people the State 
are now paying dearly for this, because the necessity getting and 
owns 100-ft. rights way through, not merely rich agricultural land, but miles 
country which, although unincorporated, urban character. The minimum 
ment legal width now ft. 
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difficult understand why narrow rights way should ever toler- 
ated. thickly populated districts the time get wide rights way 
soon possible before values rise; the country, the cost 
and one knows how long will remain so. 

are forbidden within the way Cali- 
fornia State highways. Unfortunately, however, much pavement built prac- 
tically the right-of-way line just thé locations where signs are thickest; 
that is, the semi-urban districts. There need for legislation signs 
placed definite distance back right way, and also pre- 
vent them from being placed fields cut off the view the road 
ahead, tracks case crossings. 

The tendency “hot dog” stands, service stations, crowded 
close possible the right way along country roads, thereby converting 
these roads for all practical purposes city streets, are evils similar 
nature. Not more than one-half these obstructions pay their way, and would 
the good humanity some means could found, not only force 
set-backs, but eliminate large percentage the buildings altogether. 

Pedestrian Traffic—California highways are lined with pilgrims all 
descriptions, young and old, who walk the pavement, signal motorists for 
rides, and often shout them. They force the driver swerve into the center 
the road, frequently distract his attention from his driving, and check and 
endanger traffic causing machines stop pick them Legislation 
now proposed make misdemeanor walk anywhere except the 
left-hand side the road. This would help far enforced. 

Warning writer has not much faith warning signs now 
used. rather inclined think that drivers who are careful enough 
notice ordinary signs will take care themselves anyway, always excepting 
eases where the road presents dangers not normally expected, such 
sudden sharp turn bridge, etc. bridges under construction, detour 
signs the size house, well lighted, are constantly being driven and 
knocked into kindling wood. One driver passed three red-and-white, “Danger— 


Bridge Out” signs, ft. ft., spaced several hundred feet apart; wrecked 


three out five red lanterns, all burning, and smashed 10-ft. detour 
sign with 5-in. red reflectors. When was pulled out the wreckage, 
wanted know why the “blank-blanks didn’t have some lights out”. was 
not drunk. 

means warning the public should neglected; but warning signs are 
means substitutes for safety engineering. Great care should used 


placing signs. highways, there are too many warnings 


curves ahead, placed without much regard the relative danger the various 
situations. The same sign used notify curves which can driven 
miles, and those which are death-traps miles. become accus- 
tomed disregarding signs and using their own judgment. Warning signs 


should used sparingly, only where real danger exists, and then should 


made prominent and emphatic possible. 

Money spent signs, carefully considered and designed, could saved 
the elimination great number ineffective ones. There need 
for extended psychological study this field. 
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Education.—Education can much, but cannot alter eyesight, machine- 
sense, speed reaction. can partly eliminate mental carelessness, but 
cannot level the discrepancy between machine power and flesh and blood. The 
best driver can hardly get the brakes less than sec. after sighting 
unexpected danger. This nearly ft. miles per hour, and highly 


fatal distance under many circumstances, the time required 
stop after that. Every one curses the habitual fools; but hardly any one 
can say that does not drop their level upon occasion, through weariness, 
temporary nerve depletion, abstraction, sheer ennui. The automobile has 
created schedule living which absolutely necessitates fatalities does 
the staking flesh against machinery war. The engineer cannot hope 
catch with the development the automobile, but can save lives, 
pushing his methods construction everywhere possible over the narrow 
ald margin between safety and destruction for the average driver. 
indicates that Mr. Hinkle has covered this subject very complete and 
all able manner. The writer agrees that the highway engineer responsible for 
for highway safety the extent the design, construction, and maintenance 
ter highways, and that the highway engineer’s duty “keep abreast” with 
all modern developments pointing increased traffic study. The limits stt 
Mr. Hinkle relative sight distance, degree curve, widening and super- 
the elevation curve, and his treatment the railroad-crossing 
problem, all represent sound engineering practice. 
connection with widths pavement, the writer believes 
that ft. the best standard minimum width for main highways, and that 
when traffic demands increased width, should ft. rather than 
ft. other words, the road surface should such accommodate 
either two four lanes traffic, and the three-lane surface should avoided 
possible. 
connection with shoulder the writer would fix ft. the 
ked width for main highways being none too wide accommodate 
the parking truck for repairs. Shoulders should maintained such 


condition permit traffic turn out them safely emergencies, and 
park them for repairs. 

The writer believes that 100 ft. should the minimum width right 
way for all main highways, and that cases very heavy traffic roads 
adjacent large cities the right way should 150 200 ft. wide. While 
this might appear extravagant, some cases, the adjacent property 
very valuable highly developed, probable that this property will 
increase value and that money will saved ultimately purchasing the 
necessary land now. Ample right way one the chief requisites for 
future safety developments. 

Mr. Hinkle’s the necessity avoiding the construction 

surfaces slippery type, the use maintenance methods which 
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promote slippery surface, are very heartily endorsed. The practice sand- 
ing the icy pavements, particularly grades and ‘curves, suggested the 
writer good maintenance practice. 

The widening approaches railroad grade crossings very desirable, 
and improvements should also contemplate the clear view 
such crossings. attempt made Michigan ereate clear view 
highways between the driver car 300 ft. from the crossing the high- 
way and the train 600 ft. from the the railroad. triangle, 
possible, should kept clear trees, brush, farm crops other 
than low growing varieties. Condemnation such property believed 
warranted cannot purchased otherwise. thought desirable 
have the angle between railroad and highway not less than 45°, and pref- 
erably 60°, order give the better view approaching trains. 

Narrow bridges are distinct menace traffic, and every effort should 
made have all culverts and small-span bridges constructed the full width 
the highway grade. Mr. Hinkle’s point that bridges longer span are 
more conspicuous and usually promote more cautious driving than smaller 
bridges, well taken.* The maintenance bridge floors and railings 
important item safety traffic, and highly desirable that any bridges 
which are not capable bearing full loadings should posted, with the ‘safe 
load limit indicated. Thorough inspection all bridges twice year should 
standard practice. 

The construction “by-pass” routes carry through traffic around 
gested cities rather than through business sections feature highway 
work which promotes not only safety, but convenience traffic. suburban 
areas, where there considerable pedestrian traffic highways, highly 
desirable provide footpaths back the ditch lines. highway bridges 
such areas should inelude sidewalks. The construction pedestrian tun- 
nels underneath heavily traveled roads important safety measure, par- 
ticularly the vicinity school houses. 

Ample guard-rail protection high fills very desirable. The old type 
wooden guard rail distinct hazard modern traffic, many fatal 
have oceurred when cars, striking wooden rails, have had sections 
rail pass through the radiator wind-shield. Cable guard rail 
sidered preferable wooden rail, not only from the standpoint safety, ‘but 
because does not snow the roadway like the wooden rail. 

attention should given the maintenance gravel roads with 
reference the elimination the two traffic hazards, loose gravel and dust. 
The use some dust palliative, such calcium chloride light oil, 
prime requisite under modern traffic conditions. Sufficient binder material 
should placed gravel roads bind the loose gravel, or, this imprac- 
the excess loose gravel should carried the edge the roadway 
during the heavy traffic season and brought back into the roadway the fall 
where will tend consolidate into the road under fall 

The careful selection and maintenance detours with view mini- 


mizing traffic hazards receiving increased attention from highway engi- 
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neers every year. The winter maintenance highways should provide 
cient patrol the surface avoid dangerous ruts the snow. 

class highway traffic which has developed rapidly the moving 
large equipment, such steam shovels, concrete mixers, etc., large trailers. 
Movements this kind should allowed only under special written permit 
from the highway authorities charge, order afford proper protection 
against destruction roads and bridges, and safeguard other traffic while 
passing this oversized load. Movements this kind should confined 
daylight hours, vehicle this size distinct menace other traffic 
night. 

The engineer should make intelligent study the causes 
accidents and develop systematic practice for increasing the safety the 
roads. This may brought about through traffic surveys and research, more 
adequate road design and construction, better maintenance, pavement mark- 
ings, and the installation signs and signal devices. Standardization 
exert much influence the standardization engineering features and the 
development traffic regulations which should uniform character. 
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LETTING CONSTRUCTION WORK 
COMPETITIVE BIDDING 


Discussion* 


fair, comprehensive, and complete and the writer endorses each the thirty- 
nine recommendations, except few cases, follows. 

The author calls for small-scale drawings, Principle (11),§ but the writer 
thinks that these would expensive and unsatisfactory, while 
reproduction the contract plans will simple and inexpensive. 

The Aberthaw Company has sometimes followed the method suggested 
Principle (12),§ but has found somewhat unsatisfactory because the engineer 
architect has used these items for purposes adjusting computing extras 
when they were not compiled for such purpose. When compiled for pay- 
ment purposes only, they are sometimes unbalanced for one reason another, 
and, therefore, used for another purpose, such computing extras, they 
may rank injustice. 

overcome this objection the Company has recently followed the practice 
making payments certain point progress which could easily 
determined as, for instance, building: Completion foundation, the 
completion first floor, second floor, the roof, and other progress points 
regard interior finish and completion. This method has been satisfactory 
both the engineer and the contractor. 


This discussion (of the paper Edward Bush, Am. Soc. E., presented 
meeting the Society October 1928, and published November, 1928, 
printed Proceedings order that the views expressed 


brough 
Pres. and Treas., Aberthaw Co., Boston, Mass. 
Received the Secretary, October 1928. 


Proceedings, Am. Soc. E., November, 1928, Papers and Discussions, 2442. 


276 BENNETT CONTRACTS AND COMPETITIVE BIDDING 


The writer agrees with the principle stated Principle (13),* but past prac- 
tice has permitted the owner withhold very large reserves, much more than 
are needed protect him, and has tied great deal the contractor’s capital, 
whereas the owner had retained only enough protect himself and had 
paid the the remainder would have enabled him many cases 
complete his contract without default, because would then have enough 
cash with which carry his work and pay outstanding bills. clause 
should added the effect that only enough reserve retained the owner 
for self-protection and all the surplus turned over the contractor. 

The writer agrees with the principle state Principle (26)+ but would cut 
the time ten days. The owner knows the maximum amount willing 
put into the undertaking, and ten days ample time discuss and digest the 
bids received and determine whether wants go, 

for the stated Principle the writer suggests that the 
method for the engineer follow read his own estimate into the record 
the bids when opened. This being suggested method for the Federal 
engineers when they receive bids and plan doing the work the day 
they have number occasions. Then, course, direct comparison 
available between the engimeer’s estimate and bids and this 
method not ineurred the objection which Mr. Bush suggests, with which 
the writer agrees. 

whole, Mr. Bush has made very comprehensive and important con- 
tribution the relationship engineers and architects with contractors, and 


the writer hopes that this paper can have wide circulation and careful 
reading. 


apparently familiar with the letting contracts. approaches the sub- 
ject from the standpoint engineer’s imterest seeuring satisfactory 
contracts and resultant excellence work. His viewpoint that the 
surety company. Nevertheless, the paper presents broad discussion the 
subject and specifications and worthy careful perusal 
engineers. Attention called the necessity for clearness and 
writing specifications and ineluding the contract form carefully written 
clauses covering the charaeter the work done and the conditions 
specified. Experience letting large number contracts convinces the 
writer that much work necessary before engineers and architects come 
the point where the contract and specifications will sufficiently clear 
advise the prospective bidder just what has do. The paper gives much 
information which will aid securing this desirable result. 

The writer convinced that the average specifications and contract falls 
far short achieving the ideal. Particular attention called the fact 
that ambiguous interpreted the engineer the disadvantage 
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the contractor some ‘the expense ‘the owner. Emphasis 


‘the necessity for drawing each contract and specification care- 


fully cover the particular Work hand. other words, attempt 
paring these documents the better the results ‘securing ‘reasonable 
and excellent work. The author discusses thirty-nine topics ‘all ‘of ‘which ‘ate 
valuable studying the questiom contracts and specifications. Difference 
may arise some these principles, but, general, the paper 
reasonable and merits eareful engineers. 

The writer does not entirely agree with the author regarding removal 
the surety’s liability (Principle (7)).* experience has been that often 
labor not paid regularly and that protection this particular item the 
willing question also the statement that protection sellers equipment 
(Principle (8))* removed and would qualify saying that that 
portion equipment bills which properly chargeable the work hand 
should protected the surety. quite accord with author, 
the elimination guaranties for 


paper interests the writer particularly because emphasizes some matters 
which the American Institute Steel Construction well the Structural 
Steel Board Trade New England and other organizations have been 
working. The point that many and even engineers leave 
contractor bidder guess what may required when the specifications 
contain such clauses as: 


“Furnish all steel, other materials, whether indicated the drawings 
specifications clearly required carry out the intent the design.” 

The architect engineer supposed paid the owner make 
plans and specifications that will give the owner what wants and give 
contractor complete information the requirements. plans and 
specifications are not complete and definite ‘there ‘are ‘as many guessers there 
are bidders and, many cases the lowest ‘bidder guesser, the 
contract, has undertaken something which will make trouble for him from the 
start. all uncertainties are removed the owner will benefited, for 
will pay more (probably less the end) and will get what ‘he wants. 

The writer cannot understand why much left the imagination 
steel fabricator. The same thing applies and from 
sonal experience, the writer knows that many base their bids ‘on 
what they know the engineer ‘as well the ‘he pre- 
pares. 
The matter contractor’s bonds also very vital one, and all sub- 
contractors are interested what protection they get the general con- 
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tractor defaults. Many general contractors assume obligations they 
are unable finance.. The result that sub-contractors have help carry 
work and this can done only increased cost themselves, or, case 
default, they are the greatest proportional losers, unless the 
pany bound pay them course, the surety company assumes 
this obligation, the has made commensurate with the risk and 
the public, the end, pays the 


tions the unfair “peddling” bids. This practice does not appear con- 
fined instances where bids are opened behind closed doors. now quite 
common, after public opening, have estimates re-compiled three 
more the low bidders under the pretense revision plans and specifica- 
tions, although the changes may minor importance. Nat- 
urally, each the “favored” contractors knows what his competitors have 
bid and what figure must submit wishes get the work. The result 
too often entails loss for all parties When minor changes plans 
‘or specifications are made, such bring the cost job within 
appropriation, would appear fair rule business only with the 
lowest qualified bidder. 

With reference the economy furnishing quantity estimates bid- 
ders,§ contractors are being circularized estimating agencies which offer 
sell such estimates any particular job. How reliable many these esti- 
mates may be, open question. Their sponsors must receiving some 
return for their efforts the practice would not continue. Certainly the 
engineer architect who prepared the plans better qualified furnish 
such quantities than unknown 

support Mr. Bush’s Principle there appears justifi- 
eation for requiring contractor return his set plans and specifications 
with his bid. What other proof has the amount work which has 
bound himself perform? 


Lazarus Am. Soc. very valuable paper, because 
the contract under which one works, either engineer contractor, per- 
haps the principal instrument the accomplishment that work. The rela- 
tion the engineer the contractor itself contains the human element, and 
contract ever automatically executes itself without the aid human 
beings, one should consider the contractor, this relation, human being 
entitled justice. takes all the responsibility and risks his capital and 
reputation the successful performance the work, and that perhaps 
aided the surety company. 

The most ancient definition contract the clearest—a contract 

meeting the minds”. One party wants something and asks the 
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other party, much will you for? Here are the conditions”. What 
does that imply? Does imply that the first party has the option saying 
“even the conditions vary—no matter how much from the conditions 
described—the price still That practically what all contracts 
endeavor do. Instead, the contract should state: 

“These are the conditions, and done under these conditions this price 
will the conditions are found to. different, then will make neces- 
sary modifications and adjust the price.” 

The speaker happens know cases where that has been done, and the 
result was remarkably cheap work. The contractors assumed that the condi- 
tions described would met, and they know that the engineer with strong 
sense justice, would modify the prices conditions were found dif- 
ferent. contract based certain stated conditions, and those condi- 
tions are found different, the price modified that the contractor 
“comes out whole”. 

city contracts elaborate borings are sometimes made; but despite that 
all the information covered with waivers, practically admitting 
and attempt made deprive the contractor redress case the condi- 
tions are found different. 

Another condition that has crept into contracts that the engineer 
supposed act judicial capacity, and rightfully so. Nevertheless, 
attempts very often—perhaps the lawyers insist that so—to give himself 
arbitrary and dictatorial powers. The contractor must accept his 
and the wording the contract has appeal from the engineer’s deci- 
sion. The engineer best paid the other side; owes his position 
the other side. Never the history the world have men been high 
enough caliber not influenced such situation; and yet attempt 
made deprive the contractor the right appeal. course, that has been 
upset the Courts. engineer lawyer can deprive man the right 
Court and ask for relief for any injury from which even 
suffers. 

Various technicalities, however, are put contract, the effect 
claims must made within ten fifteen days after loss incurred, and 
case the contractor does not within the time stated, supposed act 
waiver and deprived the right Court. That has usually 
been upset the Court, but there danger it. often impossible for 
the contractor make his claim within the time set. His loss frequently 
cannot computed until the end the contract, and should allowed 
file claims any time until the work 

The speaker cannot see the logic Principle (13).* The owner retain 
greater and greater sum money the approaches completion, 
the theory that the contractor more likely fail that period. the same 
time this paper contains the value sureties and that seems 
inconsistent. The surety largely expected ensure that the job 
completed, and yet advocates the retention large part the money for 
work actually done. man should paid for what does, and large 
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amounts retained, capital and his, reputation; puts 

apt press the end the work for the payment. 
money him. That, doubt, proper; but, at. same time, 
the money has earned how can pay the bank? 

The author discusses bid bonds (Principle (35)).* require bid bond 
way asking the surety company something with which not 
familiar. The surety company required; guarantee contract of, which 
the price has not yet been made. The bid price, for instance, might 
$5.000 000, 000 contract, bond holds. That really 
injustice.. 

The number contracts constantly increasing, and 
The engineer, whether represents community company, does not have 
the same freedom that contractor has selecting men, hampered 
various limitations and the his own community. the politics 
of. the company with; whereas operates any such 
principle quickly eliminated his financial 

The author describes ideal contract, who the contracts 
recently the Board of. Water Supply.of New will find fairly 
conditions in, this paper. matter how 
perfect may. drawn and its conditions described there remains 
very strong economic factor for the contractor evaluate and that the 
efficiency What the scale wages going for the next 
few years? What will the materials? These risks willing 
take; that, his, business. 


the fears that, will lead the engineer into pit- 
fall. raises the question the between the bonding company and 
the engineer. sets forth many points covered information 
bidders, the specifications, the contract. these factors, how 
desirable. they are those which the bonding company: would like 
have the contractor know. However, each item information the engineer 
increases his responsibility some extent. The speaker doubts that 
much information tends reduce prices. When the contraetor knows 


chance here When chances are taken there always shav- 
ing prices order “beat the other fellow”. engineer 
gives great mass information, much likely speculative and 
may eventually prove Then, the contractor the bond- 


ing company has plead lack responsibility because: the 


information given was erroneous and the contractor did not conditions 


specified: The safe course give only such information absolute 
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fact and certain reduce bid prices and that which the bidders can 
ascertain for themselves through reasonable deduction. 

With all the information given, recommended the author, the 
ing company has nothing collect its and rest content. 
the contractor goes wrong, the engineer sure have blundered 
some his information and bonding company’s responsibility nil. 
not bonding the engineer. 

legal contract defined meeting minds. After such meeting 
minds—that is, after contract has been let—what the usual procedure? 
The engineer tries get much can for his employer; the contractor 
tries little possible order increase his earnings. With all 
conceivable information given, thereby removing all deductions, the contractor 
becomes nothing more than labor and construction boss. For satisfactory 
work under contract, the successful bidder should more than this; should 
bring some engineering ability the job. not, there are good reasons 
why the engineer, knowing all conceivable conditions, should not the work 
under his own direction hired labor, All the things contractor 
knows referenee his job, the engineer should know able decide 
whether not bids are reasonable. Therefore, why should not the work 
himself 

the case public work there are conditions that make contract desir- 
able, but similar conditions make it, also, desirable from the bonding com- 
pany’s point view, for the engineer specify everything. private work, 
however, the contractor’s profit, the bonding company’s profit, and the various 
contentions that arise, are all inducements for the owner the him- 
self. 

stated that the engineer should keep the bonding company informed 
various things and facts. The speaker cannot see the wisdom profit 
such procedure. What responsibility does the engineer have the bonding 
company? only when the contract annulled that the engineer should 
begin deal with the company. otherwise, especially public work 
the wrong direction”. 

times seems lawyers have made engineers back 
their work. However, the real situation that engineers have learned that 
useless buck the procedure that causes changes the phraseology 
specifications. ‘The lawyer’s word advice accepted and superior officer 
gives orders that such and such incorporated the specifications, because 
some judge jury decided particular and restricted casé way, 
and thus specifications include peculiar provisions. There are errors law 
well other professions. not the facts that lead engineers astray, 
but the deductions made from 


paper most excellent and one the most interesting that has ever 
read. wishes discuss only applies building construction 


Cons. Engr., New York, 
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which the owners are individuals corporations and not. Governmental 
agencies. 

With reference the, ‘determining the proper monthly payments 
made contractor the author states Principle (12)*: 

much better practice have the contractor, soon the contract 
signed, submit schedule all the component parts the work with prices 
attached, the total which will equal the lump-sum contract price.” 

The approves this method, but would caution the engineer 
against practice the part some contraétors who arbitrarily declare high 
prices for items that are done near the beginning the job and low ones 
for those that occur near the end, for obvious reasons. 

Principle (13)+ the author makes the point that the owner needs 
retain greater reserve near the end than near the beginning the work 
account the greater likelihood default that stage. There one con- 
dition near the very end the job under which the suggested retention 
greater reserve works unjustifiable hardship the contractor. The work 
putting the finishing touches building sometimes stretches over con- 
siderable length This may. due lack energy the part 
the general contractor; but more often caused the delay the 
part contractor who employed the owner directly and over whom 
the general contractor has control. other times, may due pros- 
pective tenants whose decisions with regard partitions, store fronts, 
must taken into account. Whatever the cause, the general. contractor 
faced with the unpleasant fact that, although the items that still remain 
done may represent only few thousand dollars, may have huge sum 
tied the 10% 15% reserve, the technical ground that has 
finished 100% the work. 

This safeguard retaining reserve, well most the safeguards 
found the average contract form, favor the owner against 
the contractor. Apparently, little thought has been given protecting the 
contractor against owner who has over-extended himself financially and 
who compels the contractor accept paper payment after “stringing him 
along” for considerable time subsequent the completion the job. 

Principles (25),§ the author urges the engineer furnish 
drawings and specifications that are more detailed and complete than often 
the practice, and furnish more information regarding local conditions. 
While the speaker agrees with this recommendation, the opinion that 
there little cause for complaint this score when the engineer allowed 
enough time for the preparation his drawings and specifications, and more 
especially when paid adequately for his services. Unfortunately, the 
engineer often accepts work too low price and frequently agrees com- 
plete his work very short time. Under those conditions the plans cannot 
entirely complete and the engineer generally compelled copy the 
specifications previous job, making only such modifications suggest 
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themselves the hurry getting the drawings and papers ready for bids. 
Discrepancies between plans and specifications are the result. 

The author makes excellent point when advises the exclusion from 
contract forms clauses which properly belong under “Information for Bid- 
ders” (Principle (22)).* surprising how persistently contract forms 
which are replete with irrelevant matter and poorly worded that they cause 
inconvenience all parties, continue general use. hoped that this 
condition will soon remedied, through the efforts the Society and others 
writing improved contract form. 

Principle the author urges the public opening bids even 
private work. The speaker approves this method, provided only that 
recognized all parties that there may great difference the capacity, 
the willingness co-operate, the sense fairness, and the character the 
several bidders (all whom may entirely responsible), and that proper, 
therefore, pay one contractor somewhat more for particular job than 
another. 

The author recommends that the contract awarded the lowest bidder 
qualified, irrespective what local contractor has bid (Principle 
The speaker would point out that the amount bid not the 
only factor that determines the final cost building. out-of-town con- 
tractor more likely get into difficulties with the local labor unions with 
the municipal bureaus than local man, thus possibly delaying the completion 
the building and, therefore, increasing the owner’s carrying charges. 
Furthermore, local contractor can generally secure the best local mechanics. 
The out-of-town contractor, therefore, should expect lose the contract unless 
his bid considerably less than the local bid. 

After erecting about sixty buildings dozen cities the speaker has come 
the conclusion that the best written contract affords little protection 
against contractor who incompetent who too preoccupied with other 
work live specified schedule. Therefore, would recommend that 
the engineer draw the contract with the greatest care and provide every pos- 
sible safeguard; but, above all, that award contract only bidders who 
have earned reputation for ability and for sterling character. 


the speaker knows several instances which details were omitted from 
the plans that they were incomplete when the bids were taken and the con- 
tracts signed; when finally completed the architect they had been 
elaborated that Court action was necessary straighten out matters. Fre- 
quently, only simple details are required, but these are lacking, becomes 
necessary bid high for protection the contractor sub-contractor. 

New York and Pennsylvania the charges for bond premiums vary 
mentioned under Principle connection with public work, such public 
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buildings. The premium New York two-thirds that Pennsylvania, the 
difference being due labor and material liability under the bond the two 
States. 

reference Principle (24),* one State New England will not allow 
contractor bid several road jobs the same bid opening with the option 
withdrawing from some them. New York State bidders are allowed 
withdraw other tenders they are low one more—the withdrawing 
being necessary soon the bids the previous job are read. 
vania, the extensions and additions are checked the State engineers before 
the following job read, and the contractor then sure his arithmetical 
work before being called decide wants his other bids considered. 
obvious that New York and Pennsylvania small operator has 
better chance securing job and the States, turn, have the advantage 
securing lower bids times, 

example might quoted support Principle (26).+ connection 
with certain State road contract, the job was held injunction just 
after the contract was signed and the bond delivered. After considerable 
delay, and when was thought the work would never built, the contractor 
took another contract adjoining State. Later, the objection the 
first contract was removed and the contractor tried run both jobs but this 
volume work was too much for him and defaulted. 

Regarding Principle known that when estimates are given out 
prior the bid opening, some contractors doubtful experience, ability, and 
resources put bids the basis certain percentage the engineer’s 
estimate. 

reference the furnishing quantity surveys, mentioned Principle 
the one city where the contractors bidding job 
divide the cost having survey quantities made for the use all, order 
that the cost would not levied each. Many small contractors compute 
two and three jobs per week, the cost which must finally come out 
future job. some places the contractors sign agreement add fixed 
sum their bid and then the low bidder shares this amount with the unsuc- 
cessful ones. The speaker understands that England becoming the gen- 


eral practice among architects furnish bidders with detailed quantity 
survey. 


sents argument favor simplifying and rationalizing the letting 
competitive bidding improving the quality and 
the plans and specifications and contract forms prepared the engineer. 
This intimately with the problem adequate engineering fees 
for practicing and consulting engineers and adequate appropriations for the 


work corporation offices engaged engineering work. Improve- 
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ment the compensation paid practicing and consulting. engineers 
and. staffs will automatically result marked improvement. 
the preparation plans and specifications and contract forms. im- 
provement, turn, will savings construction costs and reduction 
litigation with surety companies and other parties. 

inspeetion and able engineering supervision are costly. engi- 
neer who operating low fee basis highly competitive field very 
apt specify results which the contractor must produce and demand unrea- 
sonable maintenance guaranties instead merely specifying workmanship 
and materials and relying his own rigid inspection and supervision for 
satisfactory results. engineers, likewise; hesitate assume 
responsibilities for their own designs and lean the contractor requiring 
him responsible for the finat results. When unsatisfactory results 
construction work are due poor engineering design, the contractor should 
not held liable under the contract. 

Frequently engineers not have control over the inspection 
staff. public work, particularly, the political favorites 
inspectors regrettably commen. Under such conditions engineers some- 
times hesitate assume full responsibility for sufficiency the plans 
and specifications, and attempt solve the diffieulty exacting maintenance 
guaranties from the contractor and his surety. The practice strengthening 
the position the engineers charge public works giving them closer 
control the inspection staffs will facilitate desirable changes contract 
publie work. 

The cost contractors preparing proposals for competitive bidding can 
reduced improving the diction and “make-up” advertisements for 
bidders. The author’s suggested form advertisement* clear and concise. 
However, the writer would suggest further that should include statement 


length time that will allowed for the construction period and that 


the manner payment, whether cash bonds, should also stated: 
large projects helpful the bidders if, with the plans, and 
proposal forms, there are included some airplane photographs and’ other views 
the site the work. There should also detailed sketch show- 
ing available railroad sidings for unloading materials, with information 
regarding rental charges for facilities, and locations approved local 


supplies sand, gravel, other materials, well detailed list 


approved material sources within convenient freight haul the site the 
proposed work. When underground foundation work involved, informa- 
tion should supplied the engineer the form descriptions test 
pits soil borings. quantities given in. proposal form are known. 
the engineer excess the amount that will into the work, 
prospective bidders should apprised that fact. Competition will 
and prices lowered the engineer will eliminate all 
posals and take bids only the basis detailed, accurate, quantity surveys. 
Such detailed lists quantities are not only helpful reducing the con- 
tractors’ cost preparing proposals, but also the engineer his prepara- 
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tion estimates for payment the contractors during the construction 
period, and checking the accuracy final estimates for payment based 
actual measurements the field. 

large source expense many contractors the tendency many 
engineers inspect materials construction the site the work only 
and forego plant inspection. specifications were written provide for 
plant inspection the contractors many projects would able reduce 
their estimated costs. The practice culling paving brick and sewer pipe 
the street has made many insolvent. Specifications for the 
qualifications inspectors and field engineers might also included with 
advantage. contractor bidding project knew that one would 
employed inspect his work without having had least five years’ experi- 
ence construction work similar neture, might able further 
reduce his estimated costs. 

Whenever new contractor bids the writer’s work, supplied with 
copy the “Standard Instructions Inspectors” used the writer’s prac- 
tice, that such contractor may gain some idea just what type inspec- 
tion may expect encounter the work. Many foreign contractor 
kept off large project because his lack knowledge the methods 
used by, and the characteristic attitude of, the engineer charge. Any- 
thing that done engineer remove all uncertainties regarding 
himself and his subordinates will increase competition and reduce construc- 
tion 

Engineers, contractors, and surety companies are all interested reducing 
waste the construction industry. the engineer can effect savings for 
number contractors supplying certain information, rather than 
ing all bidders such data individually, should so. Likewise, 
many the reforms administration contract work let competitive 
bidding, which are proposed the author, will eliminate waste and reduce 
construction costs. 

Most such improved practice letting work competitive bidding 
will reduce construction costs and the same time will increase engineering 
costs. The aim should strike economical balance between the two 
factors. many cases will found possible and economical double 
the amount spent for engineering work without increasing the total cost the 
project, inasmuch engineering costs are small fraction the total. 


sented some very pertinent recommendations regarding subject major 
importance engineering practice. Complete discussion this paper will 
probably reflect the viewpoints the engineers the bonding companies, the 
contractors, and the owners. employee municipal corporation, the 
writer has the following comments offer. 

The author recommends that the “Advertisement for Bidders”} 
approximate estimate the cost the work published, giving upper 


Engr., Water System, Constr. and Maintenance, Detroit, Mich. 
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and lower limit. The writer fully believes that, reading the advertisement, 
the prospective bidder should able decide whether the work which bids 
are requested the kind which skilled and experienced and 
size correspond with his financial status. 

the other hand when State municipal work involved contractors 
cannot refused plans and specifications. often these inexperienced 
people are anxious get the engineer’s estimate check their own 
which may sometimes wild guesses rather than figures backed 
experience and former cost records. 

With all things considered, the writer believes that rather wide variation 
between the published price limits would often help and, other times 
hindrance. view the wide divergence bids made contractors 
apparently equal experience and financial standing, the upper price might 
well 50% greater than the lower price. 

The writer agrees with the author Principle (34)* that designated 
lump sum bidding security preferable fixed percentage the bidder’s 
proposal the work. believes, however, that the relation bidding 
security total cost should variable amount, depending the size the 
job. The sum 10% 000 job considerable hold certified 
check for two weeks more while perhaps the responsibility and ability 
bidders are being investigated. seems reasonable and fair stipulate that 


the bidder fails execute after being awarded the contract should 


penalized only the actual loss the owner accepting the next highest bid. 

The writer’s experience does not accord with the author’s that 
“Labor really does not need protection because will not work unless pay- 
rolls are promptly met, Labor really needs even more protection 
than given present. Material men also need protection and the writer’s 
rather recent experience has led him conclude that even bond does not 
furnish all the protection should. The owner—whether individual, 
corporation, utility, unit government—is primarily interested getting 
certain work done fair price and desires contractor 
helping secure labor and material and the same time protect that labor 
and material from loss through fault either party. 


Proceedings, Am, Soc. E., November, 1928, Papers and 
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MEMOIRS DECEASED MEMBERS 


HENRY JACKSON BURT, Am. 


Diep 28, 1928. 


Henry Jackson Burt, born February 1873, Urbama, was the son 
Jaekson Burt and Isabelle (Dunlap) Burt. His father died when 
was six months old, which, great extent, necessitated his self-education. 

Mr. Burt’s entire education was received the schools 
was graduated from the University Illinois 1896, with the degree 
Bachelor and was awarded the degree Civil Engineer 1914: 
During his school years 1892 and 1893 was engaged surveying and 
modeling relief map the State for the Columbian Exposition. 
During the summer 1895 served Instrumentman and Inspector 
sewer construction Urbana. 

After his graduation from the University 1896, entered 
the employ the Gillette-Herzog Manufacturing Company, Minneapolis, 
Minn., the New Orleans Office, designing and estimating steel structures 
all kinds. some these structures Mr. Burt also acted Inspector 
Material and Superintendent Erection. December, 1898, resigned 
his position with the Company accept one with the Chicago and North 
Western Railway Company Assistant Engineer the construction new 
lines Iowa; and January, 1900, was placed charge surveying for 
track elevation Chicago, 

From September, 1900, June, 1901, Mr. Burt was engaged Assistant 
Professor Civil Engineering Iowa State College, Ames, under Anson 
Marston, Am. Soc. July, 1901, entered the employ the 
American Bridge Company Contracting Manager, serving year 
St. Louis, Mo., three years Salt Lake City, Utah, and six years Denver, 
Colo., resigning 1911 accept position Chief Structural Engineer 
with Holabird and Roche (new Holabird and Root), Architects, Chicago. 
Among the notable large Chicago buildings designed under his supervision 
while was employed this capacity, Engineer, are the 
Sherman, Palmer, Morrison, and Stevens Hotels, the Tribune Tower, the 
Roanoke Tower, the Illinois Stadium, Champaign, and the Soldiers’ 
Field Stadium, Chicago. 

During the World War, 1917-1919, Mr. Burt was with the Construction 
Division the United States Army, Washington, C., charge plans 
for emergency construction, Major the Quartermaster Corps. 
was made Lieutenant-Colonel the Officers Reserve Corps. After the 
war, returned practice Consultant civil and structural engineer- 
ing, specializing heavy building construction, both foundations and super- 
structures. 


Engineers, Albert Reichmann, Chairman, August Ziesing, and Brown, 
Members, Am. Soc. and Talbot, Past-President, Am. Soc. 
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was the author “Steel Construction”, widely text and 
reference book. had exceptionally well-grounded knowledge engi- 
neering principles, with thorough understanding their practical appli- 
and was capable organizer and With these attainments 
combined good business reasoning and fair play which accounted for his 
cordial relations with all with came contact. His modest and 
unassuming manner guidance, which was never dictatorial, endeared him 
his many friends and associates. was modern and progressive, but never 
radical nor over-confident, and with his keen analytical mind would attack 
problem manner which seemed sense solution instinct. 

Mr. Burt was loyal and alert citizen, always interested public ques- 
tions, and gave much his time, whenever could service, the com- 
munity which lived. His work Chairman the Legislative Com- 
mittee the Western Society Engineers during 1914 and 1915 espe- 
cially commendable, because resulted the Engineers’ License Law the 
State Illinois. the time his last illness, was member the 
Wheaton Sanitary District Board. also served Chairman the Board 
Trustees the First Presbyterian Church. His high ideals and genial 
personality were inspiration, not only his friends, but especially his 
and his beautiful home life reflected these influences. 

1900, Mr. Burt was married Edith Fleming, Champaign, 
survived his widow and five children, Henry Jackson, Luella, Jesse 
Fleming, Morris Nathan, and Helen Edith. 

was member the Western Society Engineers (Past-President, 
1917), American Society for Testing Materials, American Society for Heating 
and Ventilation, American Concrete Institute, and the Society for the Promo- 
tion Engineering Education. was also member the University 
Club and the Illini Club Chicago, the Chicago Engineers Club, and the 
Masonic Fraternity. 


Mr. Burt was elected Member the American Society Civil Engineers 
March 1905. 


JOHN STANTON ELY, Am. E.* 


1928. 


John Stanton Ely, the son the Rev. John Hugh and Mary Stanton Ely, 
was born March 12, 1874, Hillsboro, Ohio. was the grandnephew 
Edward Stanton, Abraham Lincoln’s Secretary War. 

Mr. Ely was educated Kenyon College and the Ohio Military Institute, 
from which was graduated 1892. From 1892 1895 was engaged 
private practice with civil engineer Cincinnati, Ohio, after which was 
employed the Cleveland, Cincinnati, Chicago and St. Louis Railway Com- 
pany (“Big Four”) Assistant Engineer, Maintenance Way. 

During the Spanish-American War Mr. Ely served five months Cuba 
with the Regiment, Engineers. Directly following his return from 
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Cuba was engaged with the Baltimore and Ohio Railway Company 
charge field party. then spent short time with the Niagara Falls 
Power and Light Company construction work. 

1901, entered the employ Westinghouse, Church, Kerr, and Com- 
pany, Pittsburgh, Pa., and was engaged the construction high-speed 
electric line between Scranton and Wilkes-Barre, Pa. The following year 
entered the service the Bureau Filtration the City Philadelphia, 
Pa., which was later combined with the Bureau Water. remained 
this position until 1918, when was granted leave absence join the 


York Shipbuilding Corporation. 


During this period Mr. Ely was engaged detail construction work 
the Torresdale Filters and large distribution pipe lines, serving also Resi- 


Engineer charge construction the Torresdale preliminary filters 


and the design and construction the Queen Lane Filter Plant. For the 
New York Shipbuilding Corporation was Estimating, Distributing, and 
Construction Engineer. His duties consisted principally estimating the 
progress ships, designing buildings, well computing the cost the 
new $11 000 000 shipyard. 

August, 1920, returned the Bureau Water Philadelphia 
Engineer Design and Construction. The most important parts this 
work were the studies relation the water supply Philadelphia and the 
proposed new sources; the construction 48-in. pipe line under the Girard 
Avenue Bridge, and the design and construction the New Fairmount Dam, 
concrete ogee dam, 120 ft. long, across the Schuylkill River just below the 
old wooden Fairmount Dam. 

August, 1926, Mr. Ely resigned become Division Engineer the 
Water Department Newark, J., which position held until February, 
1928, when was appointed Chief the Bureau Water Philadelphia. 
His death occurred March 1928, before actually assumed the duties 
this position. 

November, 1927, was injured automobile accident while 
inspection trip for the Newark water supply the hills Northern New 
Jersey. car turning sharply across the road forced his driver skirt the 
ditch, throwing Mr. Ely from the seat, striking his spine. For time was 
thought his back was broken, but recovered from the injury. believed, 
however, that the shock seriously affected his health. February, 1928, 
went Florida, hoping the change would benefit went the Halifax 
Hospital near Daytona, but became gradually worse. After month came 
north the University Hospital Philadelphia. his weakened condition 
pneumonia developed, and lived only five 

Mr. Ely was quiet nature and possessed the quality inspiring the 
respect and affection his associates and friends whom sincerely 
missed. was fond sports and was enthusiastic and able golfer. 

October 17, 1900, was married Mary Elizabeth Johnson, Louis- 
ville, Ky., who survives him. 

Mr. Ely was elected Associate Member the American Society 
Civil Engineers March 1904, and Member October 1913. 
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WILLIAM BURR HARRISON, Am. Soc. E.* 


21, 1926. 


William Burr Harrison, the son William Elsey Harrison and Elizabeth 


(Edwards) Harrison, was born Leesburg, Va., February 27, 1871. After 


attending High School Leesburg, entered the Virginia Military Institute 
Lexington, Va., from which was graduated 1892 near the head his 
class, with Civil Engineer’s degree. 

After his graduation, Mr. Harrison lost time taking active prac- 
tice. immediately accepted position Engineer Charge 
tion three-span highway bridge across Goose Oreek, Evergreen Mills, 
Va. When this work was completed March, 1898, was employed the 
Lake Shore and Michigan Southern Railway Company until June. 

From June, 1893, January, 1899, was with the United States Engi- 
neer Office St. Louis, Mo., responsible charge surveys, triangulation, 
precise leveling, design, and construction river and harbor work. From 
January, 1899, 1902, Mr. Harrison was with the United States Engineer 
Office Washington, C., responsible charge surveying, triangulation, 
leveling, the laying out and the receiving bids for contract work, and the 
design and making computations for various classes river and harbor 
work. With the same Department from 1902 1908 was responsible 
charge most the field work and the preparation designs, computations, 
and estimates which contractors were paid. From 1908 1917, was 
Principal Assistant Engineer responsible charge all office and field work, 
well the supervision and direction all river and harbor work under 
the same 

Mr. Harrison entered the military service the United States February, 
1917. was appointed Major, Engineer Section, Reserve Corps, and 
such was active duty during the World War, the Office the Chief 
Engineers Washington, C., with the Engineer Replacement Troops 
Camp Virginia, and, later, with the 153d Engineers 
Shelby, Mississippi. 

July, 1920, was commissioned the Regular Army and after short 
period duty Washington and Headquarters, 11th Oorps Area, was 
sent the Canal Zone, where remained until March, 1924. After his 
return the United States, Major Harrison was duty Fort Hayes, 
Ohio, until his retirement September 21, 1926, account physical 
disability. 

his death Walter Reed Hospital, October 20, 1926, his country 
lost loyal soldier, untiring and conscientious worker, and citizen 
the highest type. 

Major-General Hines, Chief Staff, A., writing him, stated, 


“Although Major Harrison had been member the military establish- 


ment but few years, his ability, earnestness and the conscientious perform- 
ance the duties assigned him won the commendation those with whom 
was associated.” 


Memoir prepared Powell Harrison, Am. Soc. 
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was member the Protestant Episcopal Church. In, December, 
1906, Major was married Lelia Virginia Wheeler who, with one 
daughter, survives him. 

Major Harrison was elected Member the American Civil 


Engineers April 30, 1912. 


KEARNEY EVERETT HENDRICKS, Am. Soc. E.* 


Diep May 14, 1927. 


Kearney Everett. Hendricks, son George and Priscilla (Spoon) 
Hendricks, was born near Asheboro, C., January 1878. was 
graduated from Guilford College, Guilford, C., 1900, and from Haver- 
ford College, Haverford, Pa,, 1902, 1903, Johns Hopkins 
University. graduate student mathematics and physics. 

From July, 1902, March, 1903, Mr. Hendricks was engaged Leveler 
railroad location, and from March October, 1903, Transitman for the 
and Western Railroad Company: From August, 1904, April, 1905, 
served. for the Northwestern Railway Com- 
pany, North Carolina, and from April, 1905, March, 1907, was Resident 
Engineer heavy mountain construction, building tunnel, mile long, for 
the Carolina, and Ohio For few months 
1907, was Assistant Engineer small railroad North Carolina. 
September, 1908, accepted position Instructor Civil Engineering 
Lehigh University, Bethlehem, Pa., where remained for eight years. 

September, 1916, Mr. Hendricks was engaged Assistant Engineer 
charge construction large earth and’ dam for the Southern 
Power Company, Bridgewater, remained with this Company 
until February, 1920. 

For few months 1920, Mr. Hendricks served Draftsman for the 
Arizona State Highway Department, well Estimator Federal Aid 
Projects, and the designer two reinforced ‘concrete arch bridges. From 
July, 1920, January, 1921, acted Chief Draftsman for the Salt River 
Valley Water Users Association, and from that time July, 1923, was 
Assistant Engineer the Southern Power Company. July, 1923, 
position Engineer for the Lakeview Park, Incorporated, Ashe- 
ville, which position held until his death May 14, 1927. 

August 17, 1918, was married Ethel McGill, Natural 
Bridge, Va., who, with one daughter, Priscilla, survives him. 

Mr. Hendricks was engineer unusual ability and wide experience. 
impressed all with whom came contact being dependable, honor- 
and unassuming, and was faithful every trust that ever under- 
took. 
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child, was affiliated with the Methodist Episcopal Church, but, later, 
favored the Quaker faith. was member the American Association 
Engineers and the Kiwanis Club. 

Mr. Hendricks was elected Associate Member the American Society 
Civil Engineers October 1910, and Member June 1921. 


PAUL KIRCHER, Am. E.* 


Diep 10, 1927. 


Paul Kircher, the son the Rev. Johannes and Louise (Nieman) 
Kircher, was born Chicago, July 27, 1890. 

Mr. Kircher’s early education was received under the direction tutor, 
following which entered the Francis Parker from which was 
graduated 1908. then entered the Engineering School the University 
Illinois, but reason extra work and diligent study the Liberal Arts 
College, received, three years, the degree Bachelor Arts (1911) and 
his Bachelor Science degree 1912. The degree Civil Engineer was 
conferred 1918 the presentation his thesis, the subject which was 
“Concrete Ships”. While college, was member Triangle and 
Scabbard and Blade (honorary) Fraternities. His height, ft. in., made 
him imposing Colonel the University Regiment. was also honor 
student, having been elected Sigma Fraternity. 1910, during his 
college career, was employed Chainman for City and County Surveyor 
Chicago, and the following Rodman for the City Chicago 
Heights, 

Following graduation from Mr. Kircher spent year traveling 
Europe. then entered the employ the Illinois Central Railroad Com- 
pany Draftsman, remaining until November, 1916, when resigned 
take employment with the Universal Portland Cement Company Chicago 
Engineer the Promotion Bureau. October, 1917, became 
identified with the Massey Company, and, later, its successor, the Massey 
Concrete Products Corporation, with which organization remained until 
his death. During this period, served, first, the capacity Office Engi- 
neer, and, later, Sales Engineer, Resident Manager, and, finally, Vice- 
President the Canadian Concrete Products Company, Limited, subsidiary, 
and also Resident Manager the Union Switch and Signal Company. 
For period five years, from 1920, had responsible charge the opera- 
tion the centrifugal concrete pole business the Company and developed 
the theory and checked experiments the designs hollow reinforced con- 
poles and beams. 

From 1919 until his death, also served member the Joint Con- 
crete Culvert Pipe Committee, representing the American Concrete Pipe 
Association. 

Mr. Kircher was man high technical capacity, possessing keen, 
mathematical mind. was great value his Company and the com- 
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mittees that served Technical Adviser. His personality endeared 
him all who knew him came contact with him. 
was married October, 1914, Catherine Planck who, three chil- 


dren, Paul, Joanne, and Robert Emerson, survives him. 


was Licensed Professional Structural Engineer and Canada. 
was also member the Chicago Engineers Club, the Toronto Engineers 
the Montreal Engineers Club, the Midland Chicago, and the 
Marlborough Golf Club. 

Mr. Kircher was elected Associate Member the Society 
Civil Engineers October 1918, and Member June 16, 1924. 


HARLEY EDSON REEVES, Am. Soc. E.* 


Diep 28, 1928. 


Harley Edson Reeves was born Tampico, March 21, 
received his early education Tampico, and afterward attended the Uni- 
versity Illinois where received the degree Bachelor Science 
Civil Engineering 1895. While college, was known one the 
best football players his time. 

Mr. Reeves began his engineering career Sergeant and Lieutenant 
the Volunteer Engineers during the Spanish-American War, topo- 
graphical work, construction temporary bridges, block-houses, field fortifi- 


cations, and signal towers. His service the Army extended from June 26, 
1898, May 17, 1899. 


October 1899, was appointed Rodman the construction work 


the and Mississippi Canal and was promoted, successively, 
May 1900; Junior Engineer February 1902, Assistant 
Engineer September 1911; and Associate Engineer October 1926, 
which position held until his death. 


Between 1900 and 1907 Reeves was local charge earthwork, pile- 


driving, construction superstructures and concrete abutments for bridges, 


foundations, and concrete superstructures for aqueducts, locks, and lock foun- 
dations for the Illinois and Mississippi Canal. When the Canal was com- 
pleted was placed local charge the operation and care the Western 
Section, and later was charge preliminary examination and survey 


Rock River with view securing channel from Sterling, Janes- 


ville, Wis., and ascertaining whether for the maintenance navigation, 
storage reservoirs were necessary compliance with the provisions the 
River and Harbor Act March 1909. 

was local charge the construction the Rock River Lock, 
Rock Falls, completed 1912, and the Claire Canal Lock and Dam 
the Mississippi River, Claire, Iowa, completed 1922. From 1922 
until his death was local charge section the Mississippi River 
Improvement from the mouth the Wisconsin River Moline, 
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Mr. Reeves was capable, resourceful engineer and took great pride 
carrying ouf the various works upon which was engaged, from the pre. 
liminary plans construction and operation. was friend ‘his felloy 
employees and was respected and beloved all those who were privileged 
know him. 

was married November 28, 1901, Helen Nowers, Atkinson, 
whom survived, with one son, James Edson, two brothers, Howell 
Reeves, Albany, Y., and Rear-Admiral Joseph Reeves, Navy, 
and sister, Miss Frances Reeves, Schenectady, 

Mr. Reeves was elected Member the American Society Civil Engi- 
neers January 1910. 


CLARENCE MELROSE LARSON, Assoc. Am. Soc. E.* 


Diep 1928. 


Clarence Melrose Larson was born April 10, 1874, farm Wauzeka, 


Wis., the son and Mercy Celia (Dunning) Larson. When 


boy moved with his family Dakota and for several years, until was 
about ready for High School, attended country school. was graduated 
from the Preparatory College Bridgewater, Dak., and then from Uni- 


versity Washington Seattle, Wash., 1899, receiving the degree 


Bachelor Arts. While attending school Seattle, Mr. Larson financed 
his expenses working for the Third Street and Suburban Railway Com- 


pany during the summers 1898, 1899, and 1900. His work consisted 
operating cars and assisting the repair and maintenance the cars and 

transmission line for the Snoqualmie Falls Power Company and, 


for ten months was Computer the office the City Engineer Seattle, his 


finally taking charge office calculations for city street grading, paving, and 
the construction the sewer and water system extensions. 

the summer 1902 Mr. Larson was Transitman the preliminary 
survey for the construction the Alaska Central Railway. 1903, moved 


Madison, Wis., and entered the employ the State Wisconsin with 
State Board Assessments, Assistant Inspector during valuation 


property the steam railroads the State and special investigation 


land values and county this time Mr. Larson took 


courses the University Wisconsin and, before Washington, financed 
his education summer employment, and was graduated June, 1905, secur- 
ing the degree Bachelor Science Civil Engineering. During this 
period made surveys and estimates for park improvements for the Madison 
Park and Pleasure Drive Association. 

Assistant Resident Engineer for the National Railroad Company 
Mexico, Mr. Larson was from March August, 1905, charge 


ing about 500 miles line, and constructing spurs. March, 1906, 


pleted the construction work eight miles road, including 446-ft. sted 
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with steel arch, for the Cordoba and Huataseo Railway Com- 
pany, Vera Mexico. 

Shortly thereafter Mr. Larson returned Wisconsin and again entered 
the employ the State Assistant for the Board Assessments 


and the Railroad Commission. continued with these Departments which 


had charge the valuation railroads, street and interurban railroads, 
water, gas, electric, and telephone utilities, until 1909. this year re- 
the degree Civil Engineer from the University Wisconsin. 

1909 again left the State employ accept position with the Chi- 
and Alton Railroad and the Toledo, St. Louis and Western Railroad 
Companies Real Estate Engineer, which position held until 1911. 
then entered the employ the New York Central Railroad Company 
Engineer field charge the valuation property and remained with this 


Company for eight months. Mr. Larson then returned Wisconsin and 


again entered the employ the State Assistant Chief Engimeer the 


Railroad Commission and Tax Commission. held this position until 


was appointed Chief Engineer the Railroad Commission 1913 which 


until his death. 


December 25, 1905, was married Mabel Claire Davenport, 
Madison, Wis. survived his widow, two sons, Philip and John, and 
daughter, Elizabeth. 

the discharge his regular duties with the Railroad Commission, Mr. 
Larson had complete charge the valuations the utilities and railroads 


the State where rate matters were and also when security issues 
were sought, also had under his general supervision the formulation and 
enforcement the service and safety orders the Commission. 


From time time was member important organizations and com- 


mittees having charge matters great public concern; was, the time 
his death, Member the Transportation Survey Committee Milwaukee, 


Wis., and the Board Directors the Provident Building and Loan 
Association. had also retired from loeal Traffic Committee shortly before 
his last illness. took active part all matters relating the Engi- 
neering Profession and was Past-President the Technical Club Mad- 


ison. 


Mr. Larson had modest, unobtrusive nature. all who knew 
him, was ever cognizant merit others, but always reluctant assume 


accept honor preferment. His capacity for work was enormous, and 


was always fully equal any task which might accept. Keen intellect 
and unusually observant detail, seldom failed cover completely and 
sift thoroughly the most involved and trying problems, and when was neces- 
sary recall the details question which might not have been considered 
for long time, perhaps not years, could depend his memory pro- 
duce the facts. His ability was recognized the University Washington 
when was elected Phi Beta Kappa. 


Mr. Larson delighted music, and was for years member the Mozart 


Men’s Chorus; was quite linguist, having general knowledge Spanish, 
French, Norwegian, and German. was Degree Mason 
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and member the Shrine. was also member the Phi Gamma 
Fraternity. 

Mr. Larson was elected Associate Member the American Society 
Civil Engineers October 1908. 


MICHAEL HEALEY RYAN, Assoc. Am. Soc. E.* 


29, 1927. 

Michael Healey Ryan was born March 30, 1876, Beverly, Mass., the 
son Michael Ryan and Annie (Healey) Ryan. prepared for college 
the Lynn, Mass., Classical High School. 1895, entered the Lawrence 


School Harvard University where completed the 


course and received the degree Bachelor Science Civil Engineering 
with the Class 1899. 

During the summer 1899 and from January August, 1900, Mr. Ryan 
was Assistant Instructor Surveying the Lawrence School. 
commenced and finished his active professional career the New York 
Subway work. This service began the construction the first subway 
New York City, September 20, 1900, Assistant Engineer the 
Rapid Transit Engineering Staff which was organized William Barclay 
Parsons, Hon. Am. E., Chief Engineer the Board Rapid 
Transit Railroad Commissioners, and was continuous from this time for 
nearly years, until his resignation March 1919. 

During the first seven months worked the General Offices the 
Engineering Department. started his field work May, 1901, the 
Lexington Avenue Subway (Section charge line and 
grade party. About two years later (March, 1903), was given charge, under 
the Section Engineer, the field parties, the inspection construction, and 
office work the Lexington Avenue Subway between 135th and 145th Streets, 
and the Manhattan side the Harlem River Crossing (Section 9-A, Con- 


tract 1). This subway work was varied character. included steel 


reinforced concrete, arch, tube, and concrete retaining wall construction, 


and also the Manhattan Approach the Harlem River Tunnel crossing. 


the completion this work Mr. Ryan was put charge surveys for ‘some 
routes proposed new subways, which duties was engaged until the 


Board Rapid Transit Railroad Commissioners was succeeded the 


Service Commission July 1907. 

Under the new Commission Mr. Ryan made number investigations 
and reports with respect the service conditions the surface-car lines 
New York City. Later, was employed arbitration matters connection 
with the settlement the claims Contract for the completion the first 
subway. 


When construction the Dual Subway System was begun, was assigned 


the Seventh Division Assistant Division Engineer. was direct 
charge, under the Division Engineer and Chief Engineer, the work the 
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first Sub-Division the Seventh Division from its beginning its comple- 
tion; and, later, was also charge finishing the work the second 
Sub-Division. These two sub-divisions included nearly miles new sub- 
ways, the construction which cost approximately $20 000 000. 

The first Sub-Division work covered the lower portion the Interborough 
Seventh Avenue Subway Manhattan from the Battery through Green- 
wich Street, Varick Street, West Broadway, and Seventh Avenue 17th 
Street (Sections 1-A, and Routes and 38). included the con- 
struction, under difficult conditions, connection with the existing subway 
Battery Park. Battery Park, along Greenwich Street and West Broad- 
way, the subway ran under the Manhattan Elevated structure. was two- 
track subway Chambers Street and four-track line from there on. 

The second Sub-Division work was started and almost finished under 

another Assistant Division Engineer, but Mr. Ryan completed it. included 
the building the two-track Interborough Subway Manhattan from 
connection with the Seventh Avenue Line West Broadway, thence under 
Park Place, under the Post Office Building, across Park Row, under the orig- 
inal subway and under Beekman and William Streets (Sections and 
Route 48). This was one the most difficult sections construct the 
entire Dual System. Brooklyn, the second Sub-Division included the 
new subway from connection with the Fourth Avenue Subway, Fulton 
Street, thence along St. Felix Street and Flatbush Avenue Malbone Street 
(Sections 1-A, 1-B, 2-A Route This subway was constructed for 
operation both the Interborough Company and the New York Rapid 
Transit Corporation. Where jointly operated, six-track subway. 
The remainder the line consists two tracks. The two-track line known 
the Brighton Beach Connection and operated the New York Rapid 
Transit The four-track line part the Eastern Parkway 
Line operated the Interborough Rapid Transit Company. One section 
the line constructed under the Atlantic Avenue Terminal the Long 
Island Railroad. 

During his entire contact with this great work Mr. Ryan was strong and 
active both body and mind. had high sense responsibility and 
devotion duty. His work was always eminently satisfactory, and was 
held uniformly high regard all his associates. 

the completion the subway work under his charge, Mr. Ryan re- 
signed from the service the Commission complete his study law. 
From 1909 1912 was registered the New York University Law School. 
During 1919 and 1920 was student the Harvard Law School and, 
1922, was graduated with honors from the Boston University Law School. 
was admitted the Massachusetts Bar, but never practiced. 

the later years his life Mr. Ryan devoted great deal time 
travel. died suddenly Boston, Mass., from heart attack, Septem- 
ber 29, 1927, few days before was sail for Europe another extended 
trip abroad. never married. 

Mr. Ryan was elected Junior the American Society Civil Engineers 
December 1901, and Associate Member April 1908. 
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WALTER TUTTLE SPENCER, Am. Soc, E.* 


19, 1928. 


Walter Tuttle Spencer was born Conn., July 1869, the 
youngest three sons Christopher Spencer and his wife, Jane Collins 
Spencer. prepared for college Guilford Institute, and entered the 
field School Yale University from which was graduated 
1890. 

Immediately after his graduation, Mr. Spencer entered the service the 
New York, New Haven and Hartford Railroad Company, with which Company 
was connected for thirty-eight years. From 1893 1914, was the 


Engineering Department, having been appointed Division the 


Northampton-Air Line Division 1893. From this time served, succes- 
sively, Division Engineer the Highland, Hartford, Western, and Provi- 
dence Divisions. 1914 was transferred the Operating Department, 
Superintendent the Old Colony Division Taunton, Mass.; and, 1919, 
was appointed Superintendent the Boston Division with headquarters 
Boston, Mass., which position held the time his death. 

Mr. Spencer’s abilities Railroad Engineer were the highest quality. 
handled many problems railroad construction, well maintenance, 


work and satisfactorily. Some the more important these 


were: The double-tracking the Air Lime Division; and the Western 


Division; the Morgan Street Yard Improvements, Hartford, Conn.; elim- 


ination grade-crossings, East Hartford; the Walnut Street improvements, 
Hartford; elimination grade-crossings Westfield and Northampton, 


the Farmington River Bridges, Farmington and Collinsville, 
the first conerete arch bridge ever built the “New Haven”, located West 
Haven, Conn.; the Park River Bridge, Hartford; amd numerous 
elimination projects which the “New Haven” Railroad was developing 


during Mr. Spencer’s service Division Engineer. 


His later position Superintendent Division gave him varied 
experience the three Southern New England States. The requirements 


his calling made necessary for him, during periods severe weather, 


demand heavy traffic, remain his desk for days time his 


handling men believed firmly the principle even-handed justice. 


Where the matter discipline was involved would listen with patience 
the plea one for the another and always tempered justice 


with was the person difficulty were some one close him. 
Mr. Spencer was married Dorothy Dain, Waterbury, Conn., who 

survives him, does one brother, Frederick Spencer, Guilford, 
was member the Connecticut Society Civil Engineers, the 


New England, the New England Railroad Club, and the New Haven 


Railroad Club. 
Walter Tuttle Spencer was modest man. was never the forefront, 
always retiring and reticent, always even-tempered and soft-spoken. know 
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him was love him. high place which ‘he held among his associates had 
been won his own ability and single-hearted devotion. For him, life ended 
high plane. 

Mr. was elected Junior the American Society Civil Engi- 
neers May 1893, and Associate Member October 1899. 


ALBERT ALEXANDER VAN PETTEN, Assoc. Am. E.* 


27, 1927. 


Albert Alexander Van Petten was born Farmington, June 
1888. was graduated from the University 1907 with the 
degree Bachelor Science. While was still attending college, did 
apprentice work civil engineering with the Central Railroad Com- 
pany, the Yazoo and Mississippi Valley Railroad Company, and the South 
Porto Rico Sugar Company. 

After graduation, Mr. Van Petten re-entered the employ. this latter 
Company and, 1907-1909, had charge surveying and mapping cane lands, 
well the planning fire protection system, including 000 000-gal. 
reservoir, for the Company’s sugar factory. also made surveys and plans 
for irrigation pumping plant furnishing water 1000 acres and planned 
and installed gravity irrigation system acres land. Later, 
for the same Company, ‘he took part the planning and construction three 
irrigation pumping plants and 500-ton sugar factory 
the Fortuna property the Company near Ponce, Porto Rico. 

From Fortuna, was transferred the Pagan property the Company, 
where designed and constructed railroad yards for the transference 
cane, and completed for the installation three irrigation pumping 
plants, each daily capacity gal. addition, surveyed 
and completed plans for diversion dam supply water for gravity irri- 
gation system. 

From 1912 1914, inclusive, Mr. Van Petten was Con- 
struction the Dam and Power House Comerio, Porto Rico, for the San 
Juan Light and Power Company. completed this work and from 
derived the power for the electric lighting and street railway system San 
Juan, Porto Rico. 

During the early part 1915 entered the service, Chief Civil Engi- 
neer, the Punta Alegre Sugar Company, which was then engaged the 
development large sugar property Punta San Juan, This 
project included the planting about acres cane, the construction 
miles standard gauge railroad, the erection sugar factory with 
agrinding capacity 000 tons cane and construction living 
houses for several hundred employees. 

During the progress this development work, serious drainage problem 
arose, threatening, through the inundation about one-half the cane area, 
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jeopardize the whole investment valued several million dollars. Lands 
higher elevation, beyond the boundaries the Company’s holdings, deliy- 
ered their drainage water these cane lands and kept them submerged long 
enough effect serious damage the crop. Mr. Van Petten met this situa- 
tion constructing diversion drainage ditch the highest elevation the 
Company’s land, which completely prevented further inundations and safe- 
guarded the entire investment. Before the completion this project the 
Punta Alegre Sugar Company, Mr. Van Petten was made its General Man- 
ager and, such, brought the property into operating condition. 

1919, took service Civil Engineer with the Barahona Sugar Com- 
pany, which was engaged that time developing sugar property near 
Barahona, Santo Domingo. This project embraced the clearing 20000 
acres land, and planting them cane; the planning and construction 


struction diversion dam the Yaque del Sur River, stream subject 
torrential freshets, the laying out and construction km. meter 
gauge railroad; the erection sugar factory with daily capacity 
tons cane; the construction docks for loading cargo boats; the building 
villages house about 5000 people; the construction aqueduct, 
km. long supply these people with fresh water well the people the 
adjoining Town Barahona, with about the same population; and, finally, 
the planning and construction drainage system carry off the surplus 
irrigation water from the canefields. 

this Barahona work, was the case the Punta Alegre development, 
Mr. Van Petten’s ability, both civil engineer and executive, became 
apparent that was made General Manager the whole project and, 
such, successfully completed and turned over the operating company 
1922. 

the completion his Barahona work, Mr. Van Petten was connected 
with the Macareno and General Sugars Companies the development 
their sugar properties Cuba and finally accepted the position General 
Manager the Mercedes property belonging the Cuba Cane Sugar Corpo- 
ration, where remained until his death November 27, 1927. 

November 1907, Mr. Van Petten was married Jessye Gurney, 
who survives him, with four children, one son, Douglas, and three daughters, 
Willa, Alberta, and Jeanne. 

Mr. Van Petten was Mason and member the Island Chapter, Havana, 
Cuba. 

His qualities endeared him all with whom came contact 
and his ability marked him one the outstanding construction and oper- 
ating men the sugar industry, with which had been connected during the 
greater part his active life. was one those singularly attractive and 
dependable men whose death irreparable loss his leaves 
void which his friends find impossible fill. 

Mr. Van Petten was elected Associate Member the American Society 
Civil Engineers December 1911. 
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